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THE SALMONS OF THE PACIFIC COAST. 






There are five species of salmon ou the Pacilic coast which belong 
to the genus Oncorhynchus^ namely, the chinook or quiunat salmon 
{Oncorhynchus tschawytscha), the red or blueback salmon {(hieorhynchua 
nerka)^ the humpback salmon [Oncorhynchus gorbuscha), the silver 
salmon {Onearhynchtis Jcisutch)^ and the dog salmon {Oncorhynchus Iceta). 
'The features which separate the Pacific salmons from the Atlantic salmon 
are not marked and consist chiefly in a larger number of rays in the 
anal fin, and more branchiostegals, gillrakers, and pyloric coBca. 

The characters noted in the following key will usually be sufficieut to 
distinguish the difi'erent species of Pacific salmon : 

Quinnat salmon : Scales in longitudinal series from 135 to 155, aver- 
aging about 1455 pyloric cceca 140 to 185; gillrakers comparatively 
short and usually 23 in number, 9 being above the angle; rays in anal 
fin 16; branchiostegals 15 to 19. Body robust; head conic; eye small; 
caudal tin deeply forked. Color above dusky, sometimes with bluish or 
greenish tinge; sides and belly silvery; head dark, with metallic luster; 
back and the dorsal and caudal fins with numerous round black spots. 

Bluehacl: salmon: Scales in longitudinal series about 130; pyloric 
c<eca, 75 to 95; gillrakers comparatively long and 32 to 40 in number; 
rays in anal fin 14 to 16; branchiostegals 13 to 15. Body rather slen- 
der; caudal fin much forked; anal and dorsal fins low. Color, above 
bright blue, sides silvery, no spots. 

HumpbacJc salmon : Scales very small, i^lO to 240 in longitudinal series; 
pyloric cceca very slender, about 180 in number; gillrakers short, about 
28, 13 being above angle; anal rays 15; branchiostegals 11 or 12. 
Color, bluish above, silvery on sides; hind part of back, adipose fin, and 
tail with numerous black spots, largest and of oblong form on tail. 

Silver salmon: Scales large, 125 to 135 in longitudinal series; pyloric 
cceca comparatively few and large, 45 to 80 in number; gillrakers long 
and slender, 23 in number, 13 below angle; anal rays 13 or 14; branchi- 
ostegals 13 or 14. Body long; head short, conic; snout blunt; eye 
small; fins small, caudal deeply forked. Color bluish greeu, sides sil 
very, finely punctulated; spots few and obscure on head, back, dorsal, 
adipose dorsal, and upper rays of caudal. 

Dog salmon: Scales of medium size, 138 to 155 in lateral line; pyloric 
cceca 140 to 185; gillrakers short and few, I) above and 15 below angle; 
13 or 14 rays in anal fin; branchiostegals 13 or 14. Form (»f ({uinnat, 
but head longer and more depressed. Dusky above and on head, paler 
on sides; very fine sx)ots on back and sides, often wanting; tail plain 
dusky or finely spotted, with black edge; other fins blackish. 

161502 
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These salmons are the most important group of fishes entering the 
rivers of North America. The steelhead {Salmo gairdneri)^ technically 
a treat, bat popularly regarded as a salmon, also inhabits the waters ot 
the Pacific coast and adds to the importance of the salmon tribe. 

In recent years the annual catch of salmon in the Pacific States and 
Alaska has been over 100,000,000 pounds. In 1899 the quantity of 
salmon canned was 2,450,000 cases of 48 one-pound cans. The weight 
of the fresh fish represented by this pack, together with the large 
quantities sold fresh, salted, and smoked, was about 175,000,000 pounds, 
with a value, as placed on the market, of nearly $9,000,000. 

THE QUINNAT SALMON. 

The quinnat salmon [OnoorhynchuH Uchawyischa) is known by a 
number of other common names in various parts of its range; among 
them are chiuook salmon, king salmon, Columbia salmon, Sacramento 
salmon, and tyee salmon. The quinnat is the most important of the 
salmons. It is not only superior in food qualities, but attains a vastly 
larger size^ has a wider geographical range and a greater commercial 
value than any of the others. When fresh from the ocean it is a very 
handsome, resplendent, well-formed fish, greatly resembling the Atlan- 
tic salmon {Salmo salar), although its form is less symmetrical and its 
outlines less graceful. It is of a uniform rich red color, becoming paler 
or streaked upon the approach of the spawning season. Its value for 
canning purposes is largely enhanced by the persistence of the red color 
of the meat after cooking. 

In size no other salmon in the world compares with it. In the Yukon 
River, Alaska, it reaches a weight of over 100 pounds, and in the 
Golumbia Kiver there are well authenticated cases of its weighing 
more than 80 pounds. Farther south, it runs smaller, although in the 
Sacramento individuals weighing 50 or 00 pounds are not rare; 22 
ponnds is a fair average weight in the Columbia River and 16 pounds 
in the Sacramento. 

Its known range is iiractically trom Monterey Bay (latitude 36J) to 
the Yukon River, but individuals have been seen in Norton Sound, 
somewhat north of the Yukon, and as far down the coast of California 
as the Ventura River. Since it thrives well in very cold water it is likely 
that its range extends to and possibly within the Arctic Ocean. 

While in the sea quinnat salmon probably do not wander very far 
from the mouths of the rivers they have left, and for this reason usually 
return to spawn in the rivers in which they were hatched. They prefer 
the larger rivers, like the Sacramento, the Columbia, the Nushagak, 
and Yukon. They are very persistent in ascending the rivers to spawn, 
and have been seen crowding up the rivulets which form the head 
waters of the Sacramento until nearly half their bodies were exposed 
to the air. No matter how far the headwaters of a river are from the 
ocean, some of the salmon will press forward until stopped by impassable 
obstructions or water too shallow for them to swim in. On reaching 
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the headwaters they remain for a week or two before proceeding to the 
spawuiug grounds. Their rate of progress varies with the season, and 
probably depends to a great extent on the rainfall and the state of the 
river, rain, roily water, and high water always hastening their progress. 

When they first come from the ocean the sexes are almast identical 
in appearance, but as the time for spawning approaches a difference is 
noticed between the males and the females, which during the spawning 
season bei^omes more marked. The fully developed ova of the female 
give her a round, plump appearance, while the male grows very thin. 
His head flattens, the up|)er jaw curves like a hook over the lower, the 
eyes be4*ome sunken; large, ]K)werfnl, white, dog like teeth appear on 
both jaws, and the fish acquires a gaunt and savage appearance. As 
soon as they reach fresh water their appetites grow less, their throats 
begin to narrow, and their stomachs to shrink. This does not at first 
entirely prevent them from feeding, but it changes them enough to 
enable them to overcome the temptation to return to their well-stocked 
feeding-grounds in the ocean, and the longer they remain in fresh water 
the greater are the changes, and the desire to turn back for food is 
correspondingly lessened. This change comes about gradually, increas- 
ing day by day from the time they leave tide water until at the near 
approach of the spawning season their throats and stomachs become 
entirely incapacitated for receiving food, and the desire and ability to 
feed leave them entirely. The great reserve of flesh and blood which they 
bring with them from the ocean enables them to keep the vital organs 
active until their mission up the fresh- water streams is accomplished. 

Quinuat salmon that spawn a long distance from the ocean do not 
return to it again, but die on or near their spawning-grounds. This 
singular fact has been disputed, but its truth has been proved repeat 
edly and conclusively. After spawning they rapidly deteriorate, the 
flesb shades off to a light, dirty pink and they become foul, diseased, 
and much emaciated. Their scales are wholly absorbed in the skin, 
which is of a dark olive or black hue, and blotches of fungus appear on 
their heads and -bodies, and in various places are long white patches 
where the skin is partly worn off. Their fins and tails become badly 
mutilated, and in a short time they die exhausted. 

The quinnat salmon first appear on the Pacific coast at Monterey Bay, 
where many are caught with hook and line as early as the second week 
in January, and are next seen in the Sacramento River in numbers in 
February. In the Columbia Kiver they appear in March, but are not 
abundant until April or May. They arrive in southern Alaska in 
May and farther north in June, while it is probable that it is still later 
before they a^cenl the Yukon, where the running season is very short 
and may not exceed a month or six weeks. The early runs in the 
Colombia River are usually from one to three weeks passing from the 
mouth of the nver to Clifton, about 20 miles. They first appear at 
The Dalles^ 200 miles up the river, in the middle of April, and are found 
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ID great qaantities at this poiut about the middle of June, two inoiithci 
after they appeared in large numbers at the bar. This would indicate 
that they proceed up the Columbia at the rate of 100 miles a month. 
In the later runs they probably travel faster. 

The spawning season of the qninnat varies in different rivers and» 
considering the entire coast, lasts at least six months. In July the 
summer run is spawning at the headwaters of the McGloud and Sacra- 
mento rivers in California; in August and September, farther down 
these rivers. In October the fall ran has begun in the McClond and 
below and this run continues spawning through November into Decem- 
ber. In the Columbia the spawning begins at the headwaters in 
June; at Clackamas, 125 miles from the mouth of the river, it begins 
about the middle of September and continues until November. 

A few days before they are ready to spawn the salmon hollow out 
elongated cavities with their heads and tails m the gravel beds of the 
river where there is some current, and here in due time the eggs and 
milt are deposited. The eggs drift into the crevices in the i)ile of stones 
thrown up below the hollow, sink to the bottom, and remain in that pro- 
tected position during incubation ; here, also, the young remain until the 
umbilical sac is absorbed. The eggs and young are liable to destruction 
by freshets, but are comparatively safe from other injurious influences. 

The quinnat is not so prolific as the Atlantic salmon, 300 or 400 eggs 
to each pound weight of the parent fish being a fair average. 

In view of the enormous annual catch of this salmon for commercial 
purposes the necessity for its propagation became manifest at an early 
period in the history of the Pacific fisheries. Fortunately it is readily 
susceptible of artificial propagation on a large scale, otherwise the 
supply in the western rivers would have materially fallen ofi\ Since 
the work began in 1873 on the McCloud River it has grown to large 
proportions, and engages the attention of all the coast States as well as 
the (ieneral Government, and is now more extensive than ever before. 

As the salmon ascend the rivers they are caught by gill nets, fyke 
nets, pounds, weirs, seines, wheels, and other devices," but in the Sacra- 
mento and Columbia the greater numbers are caught with gill nets 
drifting with the current or tide as they head upstream. In the 
rivers they are comparatively safe from enemies except otters, ospreys, 
and fishers, but immense numbers are destroyed at the mouths of the 
streams by seals and sea lions. 

The quinnat salmon has been introduced into Japan, Australia, New 
Zealand, and Europe, but efforts to acclimatize it on the Atlantic coast 
of the United States have so far been unsuccessful. 

THE BLUEBACK SALMON. 

Considering the entire west coast, this species (Oncorhynchu^ nerka) 
is probably more numerous than all the other salmons combined. It is 
known in different regions under the names blueback, redfish, red 
Kalniou, Fraser Kiver snlnion, and sock eye or saw-<jui. It ranks next 
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to the Chinook in commercial value, being especially important in the 
Colambia and Eraser rivers and in Alaska. For canning purposes it 
is but little inferior to the chinook, the cnlor of the flesh being a rich 
red, which persists aft^rcanning. Large quantities are canned in British 
Columbia and in Alaska, particularly on Kadiak Island, and its com- 
mercial importance to that Territory is indicated by the fact that nearly 
half of the entire salmon pack of the world comes from Alaska and the 
majority of the fish there canned are of this species. Comparatively 
few red salmon are sold fresh in the United States. 

It is next to the smallest of the salmons, the maximum weight being 
about 15 pounds, but it rarely weighs over 8 pounds and the average 
is scarcely 5 )>ounds. In various lakes this fish weighs only half a 
pound when mature, and is called the little redfish. 

It ranges from Humboldt Bay, California, to the far north. In gen- 
eral it ascends only those rivers which rise in cold, snow-fed lakes. No 
more is known of its ocean life than of the quinnat. It appears in the 
Columbia with the spring run of the quinnat. In southern Alaska and 
at Kadiak Island it comes in numbers in June; the heaviest run is in 
June and July, the spawning occurring in August and September. In 
the Idaho lakes, which may be considered typical spawning-grounds 
for this fish in the United States, the height of the spawning season is 
from August 25 to September 5, although ripe eggs have been found as 
early as August 2, and fish with eggs in them as late as September 11. 
In the numerous affluents of the Fraser River the spawning extends 
from September 15 to November 15, a few stragglers spawning as late 
as November 30. They deposit their eggs on gravel in rather shallow 
water, usually in the inlets of the lakes. The eggs average about 1,000 
to 1,200 to the fish. 

Except in the breeding season the color of this fish is a clear bright 
blue above, with silvery sides and belly. At the spawning period the 
back and sides become red, and the male develops an extravagantly 
hooked upper jaw. 

THE HUMPBACK SALMON. 

The humpback salmon {Oncorhynchus gorhmcha) is the smallest of 
the Pacific salmons; its average weight is only 5 pounds, and it rarely 
reaches 10 pounds. Its range is from San Francisco probably* as far 
north as the Mackenzie Kiver, and it is also common on the Asiatic 
coast. It is the most abundant and generally distributed salmon in 
Alaska, but in the Pacific States it does not ordinarily occur in great 
abundance, although there is sometimes a noteworthy run in the Puget 
Sound region. 

In food qualities the fresh-run humpback is scarcely inferior to any 
other salmon. While the fiesh has a very fine flavor, it is paler than that 
of other red salmon, and the species has consequently been neglected 
by canners; but it is probable that it will eventually be utilized for 
canning purposes, and its excel lent qualities when fresh are undoubtedly 
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destined to give it a great commercial valae. Its chief consumption 
now IS by Alaskan natives, who core large quantities for winter use. 

The humpback salmon generally seeks the smaller streams for the 
purpose of spawning and <leiK>sits its eggs a short distance from the 
sea, sometimes within only a few rods of the ocean. At Kadiak Island, 
Alaska, where it is often very abundant, it arriven in the latter part of 
July, the run continuing only a few weeks. Spawning takes place in 
August. 

There are only a few hundred eggs to each fish, the eggs being 
smaller than those of tbe quiunat but larger than those of the redfish, 
and paler in color than the eggs of either of those species. 

When this salmon first comes from the ocean it resembles a small 
quinnat, but as the spawning season advances it develops a very large 
and prominent hump on its back. This, with the distortion of the jaws, 
gives the fish a very singular appearance. The extreme emaciation and 
the extensive sloughing of the skin and flesh, which are incident to 
spawning, result in the deat^ of all the fish, either on the spawning- 
ground or after being swept out to sea by the current. 

THE SILVER SALMON. 

The silver salmon {Onoorhynchus kisutch) is also known as silversides, 
skowitz, kisutch, hoopid salmon, and coho salmon. It is a beautiful 
fish, having a graceful form and a bright silvery skin. Its flesh, which 
is fairly good, usually has a bright red color, but as this fades on 
cooking It is not highly regarded for canning purposes, though large 
quantities are thus utilized on the Columbia River, Puget Sound, and 
the short coast streams of Oregon and Washington. Its average 
weight in the Columbia and Puget Sound is 8 pounds, but in Alaska it 
averages nearly 15 pounds; it rarely reaches 30 pounds. Its range 
is from San Francisco to northern Alaska, and as far south on the 
Asiatic coast as Japan. It runs up the rivers to spawn in fall or 
early winter, when the waters are high, but usually does not ascend 
great distances from the ocean. The average number of eggs to a fish 
is about 2,000. 

THE DOG SALMON. 

The dog salmon {Otuiorhynchtut keta) is the least valuable of the 
Pacific salmons, although it is dried in large quantities by the Alaskan 
natives. Its average weight is 12 pounds and the maximum is about 
20 pounds. It is found from San Francisco to Kamchatka, being 
esi)ecially abundant in Alaska. The enlargement and distortioii of 
the jaws give the species a very repulsive look, and the large teeth 
give to it its common name. When just from the ocean, the flesh has 
a beautiful red color and is not unpalatable, but it deteriorates rapidly 
in fresh water. It spawns in shallow rivers and creeks. Larger quan- 
tities are utilized in Puget Sound than elsewhere in the Pacific States, 
and it is also used considerably by the natives of Alaska. 
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THE STEELHEAD. 

Another anadromous salinoiioid fish found ou the Pacific coast, popu- 
larly regarded as a salmou, is the steelhead {Salmo gairdneri), kuowu 
also as hardhead, winter salmon, square-tailed trout, and salmon trout. 
It resembles in form, size, and general appearauce the salmon of the 
Atlantic coast, and is distinguished from other Pacific coast salmon by 
its square tail, its small head, round snout, comparatively slender form^ 
liglit-colored flesh, and its habit of spawning in spring. It is more 
slender than the quinnat and consequently not so heavy for its length. 
Its average weight in the Columbia is about 10 pounds, although it 
sometimes reaches 30 pounds. 

Its range is very extended, reaching from Santa Barbara on tb© 
southern coast of California to the Alaska Peninsula, and perhaps to 
the Arctic Ocean, and it is found in almost all the streams of the 
Pacific States which empty into the ocean. It begins to enter the 
Columbia in the fall, and is then in prime condition. From this time it 
deteriorates until the following spring, when, between the months of 
February and May, spawning occurs. Its movements in other rivers 
on the coast are not materially different, though perhaps it enters the 
southern rivers earlier and northern rivers later than the Columbia. 
Like the chinook, the steelhead ascends rivers for long distances, and it 
has been found almost as far up the tributaries of the Columbia as the 
ascent of fish is possible. Its eggs are much smaller than those of the 
Chinook and average 3,000 to 5,000 to the fish. 

As the greatest quantities of steelheads are caught in the spring, 
when they are spawning and are in a deteriorated condition, they are 
not generally esteemed as food ; but when they come fresh from the sea 
and are in good condition, their flesh is excellent. As the demand for 
salmon has increased, steelheads have been utilized for canning and 
they have formed a noteworthy part of the canned salmon from the 
Columbia River for a number of years past^ as well as from the short 
coast rivers of Washington and Oregon. Their consumption fresh has 
been increasing yearly and considerable quantities have been sent to 
the Eastern States in refrigerator cars. 

ARTIFICIAL PROPAGATION. 

The Chinook being the principal salmon that has been propagated 
artificially, the present chapter relates almost entirely to this species. 
The discussion of the apparatus and methods has special reference to 
the hatcheries of the Commission on McCloud River and Battle Creek, 
tributaries of the Sacramento, although cognizance is also taken of 
the work at the stations in the basin of the Columbia River and on 
the short coast rivers of California and Oregon. 

In 1899 the number of eggs of this fish collected by the Commission was 
48,043,000, from which about 43,775,C00fry were hatched and planted. 
The collections of steelhead egps numbered 415,000, which produced 
85.935 fry. 
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OAPTl RING ADULT SALMON. 

The eggs ased for artificial propa£:ation are obtained from saimon 
taken on tbeir way upstream to the natural spawning-grounds. The 
ascent of the fish is stopped by a heavy wooden rack or barricade and 
below this obstruction their capture is effected by various meanB 
depending on the natural conditions. At Baird station, on the McGloud 
Biver, the most practical method of collecting them in large numbers 
is with drag or sweep seines. These are from 120 to 170 feet long, 
made of about 28-thread twine, and are 20 feet deep in the middle, 
tapering down to about 6 feet at the ends; they are double-leaded on 
account of the swift current of the river, and have a 4-inch mesh. 

In the rack are built large wooden traps, in which at times (especially 
during a rain storm accompanied by a marked rise in the river) large 
numbers of salmon are taken, but there is never more than a small 
percentage of spawning fish thus secured. The trap is simply a square 
inclosure of vertically placed slats, with an entrance similar to that of 
ail ordinary pound net. The fish, in their eager efibrts to pa>88 upstream, 
go through tlie V-shaped mouth of the trap, and having once entered 
are not able to find their way out. Boards are placed over the top of 
the trap to prevent the fish from leaping out. 

The trap is quite a valuable auxiliary to the seine, but although it 
will secure many unripe fish, the ripe ones, which are the ones wanted, 
finding an obstruction in their way, are apt to settle back to spawning- 
grounds below and remain there. This may be obviated by building a 
second rack below the first, which, while permitting the ascent of the 
fish, is so constructed as to prevent their return. 

Large dip nets have been used occasionally at Clackamas sta>tion, in 
Oregon, the fishermen standing on the rack at night and dipping below 
it. Toward the end of the season this method secures a considerable 
number of ripe fish, but it involves much labor and expense, and most 
of the spawning fish taken with the dip nets would probably have been 
captured in the regular course of fishing. There being no satisfac- 
tory seining-grounds at Clackamas, and the river just below the rack 
being shallow, an Indian method of fishing is used. The aversion of 
salmon to heading downstream is well known, but when they are very 
much frightened they will turn around and rush downstream at their 
utmost speed. The Indians take advantage of this fact and build a 
dam of rock or wickerwork, or anything that will present an obstruc- 
tion to the frightened fish. It is shaped like the letter V, with the angle 
downstream, and at the angle is a large trap into which the fish are 
driven. This was at one time the principal method of capturing the 
breeding salmon at Clackamas, and it worked very satisfactorily. Fyke 
nets and other fish-catching devices have been employed from time to 
time, but have been rejected as unsatisfactory. 

At Baird, before the rack was employed permanently, seine fishing 
was usually begun after dark and continued throughout the night, but 
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since the rack has been in use the seine has been hauled more or less 
in the daytime with x>erfectly satisfactory results, the fishing generally 
commenciug about 4.30 a. m. and continuing as long as the results war- 
rant it. The work is resumed again about 5 o'clock in the afternoon 
and continued as long as it meets with success. 

CONSTRUCTION OF THE BACK. 

This obstruction consists of a fence placed across the river and sup- 
ported by piers heavy enough to prevent the force of the current from 
pushing them out of position. Log stringers, from 8 to 15 inches in 
diameter, are laid from pier to pier, to which they are securely pinned, 
and posts, from 2 to 4 inches in diameter and of the required length, 
are driven obliquely into the bed of the river, the lower ends being 3 
or 4 feet upstream, the upper ends resting on the stringers. Against 
these posts is laid the rack, which is made in sections, each 6 to 10 feet 
long, the slats which form them being 1^ inches thick and 3 inches 
wide, and securely braced at top and bottom. The slats are set 1^ 
inches apart, and are beveled on the upper side in order to present less 
resistance to the current. Tiie space between the slats allows ample 
room for water to go through, but x»revents any salmon from ascending. 
A wider space between the slats would be preferable, as creating less 
obstrnction to the cunent, but it would allow a considerable percent- 
age of small grilse (the young salmon after its first return from the sea) 
to get by the rack, and unless the older males are quite plentiful the 
grilse are likely to be needed when the spawning season arrives. 

The piers, when first made, are hollow triangles of heavy logs, each 
layer of logs being firmly pinned to the one below it, until the required 
height is reached, the apex of the triangle pointing upstream. They 
are afterwards filled with rocks and are very substantial. Those on 
the McCloud have been able to withstand the tremendous momentum 
of the current, even in the highest water. 

TAKING AND IMPEKGNATING THE BOGS. 

After salmon are secured by the seine or other means, they are, for 
convenience in handling, placed in pens or live-boxes made for this 
purpose, the ripe or nearly ripe males and females being kept separate. 
Where the eggs are taken on a large scale, it is desirable to have 
separate compartments for ripe males, ripe females, nearly ripe females, 
and males partially spent that it may be necessary to use again, and 
one or two spare compartments are found to be convenient where large 
numbers of fish are handled. 

Stripping the fish is usually done every day, as the eggs of the females 
confined in the pens are likely to be injured within the fish, which is a 
serious objection to keeping the parent fish in confinement ai .. longer 
than is absolutely necessary. 

Of the signs that usually accompany ripeness in a female salmon, 
the separation of the eggs in the ovaries is the surest, but the spawn- 
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taker relies rather ou a ^eueral appeai-aoce which is neither color, 
shape, nor condition of organs, but which shows at a glance that the 
Ash is ripe and can be appreciated only by experience. 

Spawning operations are conducted upon a floating platform, beneath 
which are compartments for retaining the ripe fii^h, and which are 
accessible through hinged covers set in the plank flooring. Projecting 
beyond this platform is another, upon which the actual work of strip- 
ping the fish and caring for the pans is performed. 

When taking the eggs, one or two men stand ready with dip nets to 
hand the females to the spawn taker, and one or more perform the same 
office with the males. After the salmon are taken from the pens they 
are held suspended in the net until their violent struggles are over, 
after which they become quiet enough to be handled and the eggs and 
milt can be expressed easily. 

All methods of taking salmon spawn are very much the same, there 
being only slight differences in details, chiefly in the manner of holding* 
the parent fish and impregnating the eggs. Where there are plenty 
of assistants and the salmon are of medium eisce, the most expeditious 
way is for the man who takes the spawn to hold the female in one 
hand and press out the eggs with the other, another in the meantime 
holding the tail of the fish. The male is handled in the same way. 

The above method is employed at Baird, but on the Columbia River, 
where the salmon are larger and are harder to manage, the ^'strait- 
jaoket,*^ as it is called, is used; this is a sort of a trough made about 
the average length of the salmon and hollowed oat to fit its general 
shape. Across the lower end is a permanent cleat, and at the upper end 
is a strap with a buckle. The fish, when manipulated, is slid into the 
trough, the tail going down below the cleat, where it is secarely held, 
and the head is buckled m at the upper end with the strap. It Is now 
unable to do any harm by its struggles and the eggs can be pressed 
out at leisure. The strait-jacket is almost indinpensable witli the very 
large salmon and is a very great convenience when the operators are 
limited in number. 

In impregnating the eggs the main object is to bring the milt and 
the eggs together as quickly as possible after they have left the fish. 
By some persons a little water is considered desirable to give greater 
activity to the milt, but if left more than a minute in the water there 
is a decided loss of fertilizing power. The eggs do not suffer so quickly 
from immersion in water. The absorbing proi)erty which they possess 
when they first leave the parent fish, and which attracts to the 
micropyle the spermatozoa, lasts several minutes, but it is not prudent 
to leave the eggs in the water a moment longer than is necessary before 
adding the milt. 

The.^lditiou of the water is not essential to a good impregnation; 
in some instances better results are secured without the use of water 
and, after all, if the main object is secured, of bringing the milt and 
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the egg8 together with the slightest possible delay after they leave the 
Ash, it makes very little dili'ereuce whether water is used or not. 
The milt retains its fertilizing power several days when kept from air 
and water, and impregnation ean be effected between fishes widely 
separated by merely forwarding the milt properly sealed. At Baird 
impregnation by the dry method, which has always been followed there, 
has resulted in the fertili^sation of about 90 per cent of the eggs so treated. 

The Kussian or dry method of impregnating eggs consists simply in 
taking both the eggs and the milt in a moist pan. It may be urged as 
an objection to this method that the eggs will be injured by striking 
against the pan, but it is a fact that although the same eggs would be 
destroyed by the concussion a week later, or even 24 hours later, they 
do not suffer in the least from it at the moment of extrusion from the 
fish. 

It was at one time considered an important question whether the 
eggs or milt should be taken first, but with the dry method it makes 
no difference, as, either way, both eggs and milt remain operative long 
enough for all practical purposes of impregnation. 

Various methods of treating the eggs in the pan after impregnation 
has taken place have been tried. Some operators leave the eggs in 
the pans as first taken with the milt for two or three minutes and then 
add water, after which they are left to stand in the pan until they 
separate, when they are washed clean, taken to the hatching-house, and 
placed in the troughs. Others [)our the contents of the several pans — 
eggs, milt, and all — into a large can afi/cr the eggs become impregnated, 
and when the eggs separate the contents of the can are poured into the 
hatching-troughs, trusting to the current in the troughs to wash the milt 
firom the eggs. At Baird, water is poured on the eggs a few moments 
after they become impregnated, after which they are left perfectly quiet 
until they separate, which in water of the temperature of the McCloud 
Biver in September, 52^ to 53^, takes about an hour. The pans, in the 
meanwhile, are put in a trough filled with river water to kee[) them 
from becoming too warm. After the eggs separate they are Ciirefully 
washed and are carried in buckets to the hatching-house, where they 
are measured and placed in the hatching-trays. 

The methods of taking and fertilizing eggs at Clackamas are as follows : 
The female fish to be operated upon is taken from a floating pen and 
is placed in the spawningbox or <^ strait-jacket"; a male fish is then 
caught and tied with a small rope around its tail to some part of the corral 
where he can be quickly caught when needed. One man presses the 
eggs from the female securely held in the spawning-box, the pan for 
receiving these being held by another. As soon as the eggs are taken, 
the male is drawn from the pen by the rope and held by one man, who 
takes it by the tail with his left hand, its head between or across his 
knees. With his right hand the milt is then pressed from the fish 
into the pan containing the eggs as soon as possible after they are taken. 
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The eggs are taken in a pan without any water and milt enough is 
used to insure its coming in contact with each egg. After the eggs and 
milt are obtained the pan is gently tilted from side to side and the mass 
of eggs and milt stirred with the Angers until thoroughly mixed. The 
pan is then filled about two-thirds full of water and left until the eggs 
separate, the time varying from 1 to 1^ hours, according to the number 
of eggs and the condition of the atmosphere. 

The eggs of the quinnat saluion are of a deep salmon-red color an<l are 
heavier than water. In size they average about -^^ or -f^ of an inch, 
from 12 to 18 being covered by a square inch. The number in a quart 
is about 3,700. Probably 90 per cent of the eggs taken are impregnated 
on an average, though the results vary with different seasons, places, 
and methods of handling. 

HATOHINtt APPARATUS AND METHODS. 

The hatching apparatus generally employed on the Pacific coast in 
salmon propagation consists of a combination of troughs and baskets. 
The troughs in common use are the so-called ^^ Williamson troughs,'^ 
which are 16 feet long, 12 or 16 inches wide, and 0^ inches deep. The 
troughs are arranged in pairs, and usually two or three pairs are placed 
end to end on different levels. The fall of water in each trough is I^ 
inches. The troughs are divided by double partitions of wood or metal 
into compartments just enough longer than the baskets to enable the 
latter to be raised and lowered and to be tilted slightly. The essential 
feature of these troughs is that at the lower end of each compartment a 
partition, extending entirely across the trough, reaches from the bottom 
almost to the top, and another similar partition at the upper end of the 
compartment reaches from the top almost to the bottom of the trough, 
each set of partitions being about an inch apart. The water is conse- 
quently forced to fiow under the upper partition and over the lower 
partition, and to do this it must necessarily ascend through the tray 
of eggs. The trouglis are provided with canvas covers stretched upon 
light frames, and made sunlight proof by saturation with asphaltum 
varnish, and their interiors are thickly coated with asphaltum. 

The egg receptacles are wire trays or baskets about 12 inches wide, 
24 inches long, and deep enough to project an inch or two above the 
water, which is 5 or G inches deep in the troughs in which tbey are 
placed. Into each of these baskets 2 gallons of salmon eggs, equiva- 
lent to about 30,000, are poured at a time. The eggs suffer no injury 
whatever from being packed together in this manner, the water being 
supplied in a way that forces it through the eggs, partially supporting 
and circulating through them. The meshes are too small to permit the 
eggs to pass through, although the fry are able to do so. 

The advantages of this apparatus and method are: 

(1) The top of the tray or basket is out of the water and always 
entirely dry; consequently, in handling it, the hands are kept dry. 
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(2) By tilting one end of the tray up and down a little or by lifting 
it entirely and settling it gently back again in its place the bad eggs 
will be forced to the top; thus a feather is not required in picking over 
the eggs and the injuries very often inflicted with it are avoided. 

(3) The top of the tray being above water, the eggs can never run 
over the top nor escape in any way, which is a great advantage over 
the shallow form of tray. 

(4) There is economy of space; 30,000 to 40,000 eggs can be placed 
in each basket, provided a sufficient quantity of water is available. 
Two troughs, 16 feet long and 1 foot wide, will by this method carry 
about 500,000 salmon eggs. The deep trays may be filled at least half 
full of eggs, and thus ten times as many eggs can be hatched in the same 
space and with the same supply of water as by the old method. A 
good but gentle circulation is continually maintaiTied through the eggs. 

(5) The deep-tray system is admirably adapted to getting rid of nnid 
that has collected on the eggs, for all sediment accumulating about 
them can be easily removed by gently moving the tray up and down a 
few times in the water; but if the deposit of mud on the troughs 
becomes so excessive as to be unmanageable, a false ]>ottom of wire 
cloth or perforated zinc can be placed in the troughs at a suitable 
distance above their real bottom, leaving a space of about 1 or 1^ inches 
between the wire cloth and the trough bottom. By this means the mud 
that comes into the trough will sift down into tlie space below the wire 
cloth entirely out of the way of the fish, the movements of the fish 
themselves helping very much to produce this result. Should the 
accumulation of mud in the space below the false bottom of the trough 
become too great, it can easily be sluiced out in various ways. 

When quinnat-salmon eggs are simply to be matured for shipment, 
hatching trays with i or ^ inch square mesh will answer the purpose, 
but when the eggs are to be hatched in them, every alternate strand 
of wire running lengthwise, or, better still, every second and third 
thread should be left out in order to form an oblong mesh through which 
the newly hatched fry, after separating themselves from the unhatched 
eggs, can escape from the hatching trays into the trough below. 

AtBaird eggs kept in water averaging about 54° F. hatch in 35 days. 
The allowance of 6 days' difference in the time of hatching for each 
degree of change in the water temperature is approximately correct. 

For the first few days the eggs of the quinnat salmon are very hardy, 
and at this time they should be thoroughly picked over and the dead 
ones removed as far as possible before the delicate stage during the 
formation of the spinal column comes on, so that during that critical 
period they may be left in perfect quiet. As soon as the spinal column 
and the head show plainly, the eggs are hardy enough to ship, but when 
there is time enough it is better to wait a day or two until the eye-spot 
18 distinctly visible, after which time the eggs will stand handling and 
may be safely shipped if proi>erly packed. 
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PACKING EaOS FOB SHIPMENT. 

The packing-box uaed iti shipping salmon eggs is made of ^-incfc 
pine, 2 feet square and 1 foot deep. At the bottom is placed a thick 
layer of moss, then a layer of mosquito netting, then a layer of eggn, 
then mos(]uito netting again, then succressive layers of moss, netting, 
eggs, netting, and so on to the middle of the box. Here a firm wooden 
partition is fastened in and the packing renewed above in the same 
manner as below. The cover is then laid oti the top, and when two 
boxes are ready they are placed in a wooden crate, made large enough 
to allow a space of 3 inches on all sides of the boxes. This space is 
filled with hay to protect the eggs against changes of temperature, and 
the cover being put on the eggs are ready to ship. In the middle of 
the crate an open space about 4 inches in depth is left, between the 
two boxes of eggs, for ice. As soon as the crates arrive at the railway 
station this space, as well as the top of the crate, is filled in with ice. 
Recent experiments show that salmon eggs can be packed and safely 
transported to considerable distances when they are first taken. 

CARE OF THE FRY. 

The eggs of quinnat salmon, like those of the other SalmonidcCy hatch 
very gradually at first, only a small proportion of fish coming out the 
first day; but the number increases daily until the climax is reached, 
when large numbers of young burst their shells in a single day. At 
this time great care and vigilance are required. The vast numbers of 
shells rapidly clog up the guard-screens at the outlets of the troughs, 
which should be kept as free as possible by thoroughly cleansing them 
from time to time. 

In the deep trays the newly hatched fish are mixed with unhatched 
eggs, and the advantage of the oblong mesh in the bottom of the trays 
becomes apparent. This mesh is too narrow to allow the eggs to fall 
through, but the hatched Ash, being comparatively long and narrow, 
easily slip down through the long meshes into the space below. They 
should be assisted by gently raising and lowering the tray at intervals, 
care being taken not to raise them out of the water, as at this tender 
age a slight pressure against the wire of the tray will often produce 
fatal injuries. On this account too much caution can not be exercised 
in regard to handling them out of water during the first stages of the 
yolk-sac period, for the injuries can not be seen at first, and often the 
death of the fry is the first warning that they have been injured. 

After the eggs are all hatched and the young fish are safely out of 
the trays and in the bottom of the troughs, their dangers are few and 
they require comparatively little care. Almost the only thing to be 
guarded against now is suffocation. Even where there is an abun- 
dance of water and room, with a good circulation, they often crowd 
together in heaps or dig down under one another until some of them die 
from want of running water which is not an inch away from them. The 
best remedy in such a case is to thin them out. 
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Eight tbouaaod gallons of water an hour i» safficient for ten lines of 
troughs 64 feet in length, containing altogether a little over 1,000,000 
young salmons in the yolk-sac stage. This gives in roand nambers 
80<) •rallons of water to each 100,000 fry every hour, or 16| gallons per 
minute, which is a safe minimum. 

FEEDINC; AND PLANTING THE FRY. 

When the yolk-sac has become nearly absorbed the fish rise from 
the bottom of the trough, where they have previously remained, and 
begin swimming. They are now almost ready for food and must be liber- 
ated unless artificial food is provided. As a rule the fry are planted 
about the time the yolk-sac is absorbed. This is regarded as the best 
practice, and moreover the amount of space required renders the rearing 
of fry in large numbers impracticable. They have, however, been suc- 
cessfully retained in troughs in small numbers from the time they begin 
to feed in February until the middle of May, when on account of the 
rising temperature of the water they are liberated. They show when 
they are ready to feed by darting to one side or the other when small 
particles of food are dropped in the water and floated past them. From 
tliis time, for several weeks, the necessity for care and vigilance never 
ceases. For the first few weeks they should be fed regularly and as 
often as six times a day, and the earlier in the day the feeding begins 
and the later it continues at night the better. Two hours after feeding 
tbey will be found to be ravenously hungry, and they grow much faster 
for frequent feeding and get that growth in their infancy which is 
indispensable to their ultimately attaining the largest possible size. If 
i^ot fed sufficiently they will bite at one another and cause more or less 
moi-tality among themselves. 

The best food for salmon fry is some kind of meat, finely pujverized. 
Boiled liver is especially good for this purpose, partly because it is 

• 

inexpensive and easily obtainable, and also because it can be separated 
into very flue particles. Raw liver is also excellent and may be reduced 
iiito as fine ])articles as the cooked liver by grinding or chopping and 
then properly straining it through a fine-mesh screen. The yolk of 
foiled eggs is also suitable, but is much more expensive than liver and 
18 not so good for the fish as liver, unless largely mixed with it. 

As the fish grow older they continue to thrive best on meat food, but, 
if that is not always obtainable in sufficient quantities or on account 
^^ its expense, a very good substitute is a mixture of shorts or corn 
meal with the meat. This is prepared as a mush by stirring shorts or 
^^uddlings into boiling water, a little at a time, so that it will not cook 
in lumps, but become more of a paste. After it has thoroughly cooked 
it is allowed to cool and harden. The best proportion is 30 pounds of 
shorts to 25 gallons of water with 3 or 4 pounds of salt. The per- 
centage of liver to be used in this mixture should be regulated by the 
*Re of the fish, feeding the very young fry upon almost a simple meat 
^ietand gradually increasing the proportion of mush. 
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THE ATLANTIC SALMON. 



DESCBIPTION OF THE FISH. 

The body of the Atlantic salmon (Salmo aalar) is moderately elongate 
and but little compressed; the greatest depth is about one-fourth the 
total length without the caudal fln. The length of the head is about 
equal to the body depth. The mouth is of moderate size, the maxillary 
reaching just past the eye, its length contained 2^ or 3 times in the 
head. The scales are comparatively large, becoming embedded in adult 
males; the number in the lateral line is about 120, with 23 above and 
21 below that line. The dorsal fin has 11 rays and the anal 9 rays. The 
pyloric cceca number about 06. 

The color, like the form, varies with sex, age, food, and condition. 
The adult is brownish above and silvery on the sides, with numerous 
small black spots, often x or xx shaped, on the head, body, and fins, 
and with red patches along the sides in the male. Young salmon (parrs) 
bave about 11 dusky crossbars, besides black and red spots. 

BANGS. 

The salmon native to the rivers of the northeastern United States is 
specifically identical with the salmon of Europe and all the af&uents of 
the N^orth Atlantic. Its original natural range in America appears to 
have been from Labrador or Hudson Bay on the north to the vicinity of 
Kew York on the south. Within these limits, at the proper season of the 
year, it ascended, for the purpose of reproduction, nearly every river 
except those that did not afford the requisite facilities for depositing 
spawn or were inaccessible by reason of impassable falls near their 
mouths. 

In American rivers frequented by Atlantic salmon they were found 
successively in all parts from the mouth upw ard, their migrations extend- 
ing nearly to the headwaters of all the branches so far as they were 
accessible and adapted to their necessities. The one exception is the 
river St. Lawrence, where it seems probable, from such evidence as is 
available, that few if any salmon entering the river from the sea ever 
ascended as far as Lake Ontario, and that the salmon inhabiting that lake 
and its tributaries have always, as a rule, made the lake their sea and 
the limit of their downward migrations. Within or partly within the 
limits of the United States there can be enumerated twenty-eight rivers 
that were beyond doubt naturally frequented by salmon, beginning with 

F.M. 2 17 
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the St. John and ending with the Honsatonic* In the greater part 
of these the species has been exterminated by oivilized man, and in 
the few in which it still persists its nambers are far below the estimates 
which the earliest records warrant ns in making for those days. 

In certain lakes of Maine and northward this fish is perfectly land- 
locked and has somewhat different habits and coloration, but no^istinct 
specific characters. SimUar landlocked varieties occor in Earope. 

LIFE AJn> HABITS. 

Salmon eggs are deposited on coarse gravel on some rapid, generally 
&r np toward the sources of a river, late in October or early in Kovem- 
ber, when the water is perhaps about 44P F. and the temperature is 
falling. The egg is impregnated at the moment of its deposit, and the 
independent life of the salmon begins to develop at once. In a few 
weeks the embryo becomes sensitive, but the extreme cold of the water 
retards its devdopment to such an extent that it does not burst the 
shell of the egg unti] spring. In the rivers of Kew England it is prob- 
able that nearly all the eggs naturally deposited hatch very late in 
April and early in May. At this time the embryo salmon has a slender 
half- transparent trunk, less than an inch in length, carrying, suspended 
beneath, an immense ovoid sac — the '^ yolk-sac." For about six weeks 
after hatching it hides in crevices among stones, keeping up an inces- 
sant fanning with its pectoral fins. During this i>eriod it takes no food, 
but is supported and nourished by the yolk-sac, the substance of which 
is gradually absorbed into the rest of the body, and not until the sac 
has nearly disappeared does the salmon really look like a fish and begin 
to seize and swallow food. It now puts on a mottled coat, with several 
heavy dark bars across its sides, and bright red spots, larger and fewer 
than those of a trout, looking therefore very unlike the adult salmon 
but much like a young trout. In this stage it is termed, in Scotland 
and England, a ^^ parr," and it was formerly thought to be a wholly 
different species from salmon. 

The parr stage lasts a year or two in British rivers, and the few 
observations made in America indicate that it is more likely two years 
than one in our rivers. T)ie parr, at first but little over an inch in 
length, is provided with good teeth and a good appetite, and beginning 
to feed at a season of the year when the water is almost crowded with 
small insects and other more minute creatures, it grows rapidly, prob- 
ably increasing its weight thirty or forty times the first summer. In 
two years it reaches the length of 6 or 8 inches, and its bright red 
spots and dark bars have given place to a silvery coat like the adult 
salmon. It is now termed a ^^ smolt" and is ready to go to sea, which 
it does with little delay, and passes out beyond the range of man's 

*The Hudson River is by aome believed to have been a natural salmon river. Its 
discoverer, Hendrik Hudson, reported having observed them there, and there is 
nothing inherently improbable in it, but the evidence is perhaps insufficient. 
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obseryation, but to a region where it finds a ricb feeding-ground and 
rapidly increases in size.* In northei^ rivers, those of Few Bmnswick 
and beyond, as in those of northern Europe, the salmon returns from 
the sea when it has attained a weight of 2 to 6 pounds, and is then 
termed a "grilse." 

In the rivers of Canada, in general, grilse occur in great numbers, 
coming in from the sea at a later date than the adults, but ascending 
like them to the upper waters, mingling freely with them, rising to the 
same fly, and caught in th^ same weirs. The mesh of the nets is limited 
by law to a size that takes the adult salmon, but allows the grilse to 
slip through. To this circumstance it is in part owing that by the 
time the fish have reached those portions of the rivers suitable for 
angling there is commonly, if it be late enough in the season, a great 
preponderance of grilse, so that more of the latter than of the former 
are taken by the angler. In !N'ova Scotia many grilse are taken in the 
Shubenacadie Kiver from August until late in the fall. On the Mirami- 
chi, in New Brunswick, grilse make their appearance about July 1, and 
from the middle of that month till the end of August they constitute 
the main body of the salmon entering the river. Some sportsmen 
report that the grilse caught exceed the adults in the ratio of 5 to 1. 

In the month of August, in the Kepissiguit, Restigouche, and St. 
John of Gasp4, grilse have been found in some years to exceed the 
adults in the ratio of 3 to 1. They run into the Kepissigult mostly 
between July 25 and September 1. Their scarcity during the early part 
of the angling season, or say previous to July 20, is attested by numer- 
ous fishing scores. A serie/s of scores of salmon fishing in the Godbout 
Kiver, on the north side of the St. Lawrence, shows that previous to 
July 15 or 20 the adult saMon taken with the fiy in that river exceed 
the grilse in the ratio of 10 to 1 or more. 

In our rivers grilse are seldom seen, and only 3 or 4 are taken per year 
in a weir in the St. Croix., which takes about 70 adults. In the Dennys 
Kiver the ratio of grilse to salmon caught is not more than 1 to 500, and 
in the Penobscot they a^re quite as rare. Adult salipon running in this 
river several weeks earlier than in those of eastern New Brunswick, we 

* There hfts been considerable discussion on this point, and the conclasions of some 
observers are at variaoc-e with the above statement. In Scotland many years ago it 
seemed to be well established by the observations of Buist that a portion of the young 
salmon put on the silvory coat and went to sea at the age of one year, but that others 
of the same brood di(\ not gt^t ready to go until two years old. American observa- 
tionSy however, tend strongly to the conclusion that the young salmou passes two 
whole Bnmmers in the river, .going out to sea in the autumn following its second 
summer or the ne^^t spring. * It is not probable that the seaward migration is 
restricted in any river to any exact period of a few weeks duration, but that it 
extends over many months, some of the young salmon, by reason of superior native 
vigor of growth or from other equally efficient cause, attaining the migratory stage 
months earlier than others of the same brood. 

It is the opinion of one America.n observer that salmon fry remain in the streams 
until October of the second year before going to sea, and that they do not go down 
until the spring of the third year; i. e., when they are two years old; though some 
may go down the fall of the* second year; and that the salmon do not return until 
they are four years old. 
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should naturally expect the advent of grilse early in July in considerable 
numbers; but some of the weiri^are often kept in operation until the 
middle or last of July, and sometimes even through August, when they 
take menhaden; but no grilse enter them. During tbe latter part of the 
summer the water at the several falls between Bangor and Oldtown is 
generally at a low stage, and the attempt of grilse, even in small num- 
bers, to ascend the river could hardly fail to be frequently detected. 
A similar state of things exists in the Kennebec. There is no escaping 
the conclusion that the great run of grilse, wliich is so prominent a fea- 
ture in the history of the salmon of northern rivers, is almost entirely 
wanting in the rivers of the United States. It by no means follows from 
this that our salmon do noi pass through the same phases of growth, or 
that the growth is more rapid, but merely that when in the grilse stage 
they generally lack the instinct that impels their more northern relatives 
to seek fresh water. 

Of the characteristics of grilse, as ascertained in the rivers they 
frequent, it will be sufficient to say that they exhibit to a great degree 
tl\e characteristics of the adult; that the main external differences 
are a shorter head, slenderer form, and a difference in the color and 
markings; that they are remarkably active and agile, leaping to great 
heights; that the male is sexually well developed and mates with the 
adult, but that the female is immature, and that, like the adult, they 
abstain from food and consequently lose ilesh <luring their stay in fresh 
water. 

The next stage of life of the iish is that of the adult salmon, and this 
is the stage at which, with the exceptions indicated above, thp Atlantic 
salmon first ascends the rivers of the United States. Assuming that it 
relinquished the rivers for the sea at the Jig e of two years, being then 
a smolt, it has been absent two years, and it is now four years or a little 
more since it burst the shell. This estimate of age is based on the 
observations made by the Massachusetts commissioners of fisheries 
on the return of salmon to the Merrimac Eivo.r, which plainly estab- 
lished the fact that, the entire period between I'ihe hatching of the fry 
and the return of the adult to the rivers is about iour years. Whether 
the same rule holds in other New England rn^er.s can not as yet be 
established, owing to deficient data, but the pr esuLuption is in favor of 
that conclusion. In Canadian rivers the same i »erioc^ of growth appears 
to be the universal rule, at least as far north as the Si . Lawrence River. 
Statistics of the catch of salmon for many ye ars in e iiihteen separate 
districts, showing many fluctuations, exhibit a remarki^ble tendency of 
the figures to arrange themselves in period .s of five y ears; thus, the 
year 1875 having been a year of small catch of salmon, i t also appears 
in most of the districts that the next year of abnormally ' small catch 
was 1880. Now, the eggs laid in 1875 w ould hatch in 18 7(5, and the 
young hatched at that time would be f^xown m 1880, requ '^^^i^^g thus 
four years from hatching to maturity, jnst as on the Mern'iuac. It 
would seem no other interpretation can. be put upon the stsf-t^isti'^s- 
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EARLY SALMON- CULTURE ON THE PENOBSCOT RIVER. 

The movemeut for the reestablishinent of the fisheries for salmon, 
shad, and other anadromoas species in American rivers originated in 
the action of the legislatures of 'New Hampshire aud Massachusetts, 
having in view primarily the fisheries of the Merrimac and Connecti- 
cut rivers. The course of the Connecticut lies partly in the State of 
Connecticut, while many of its tributaries are in the State of Vermont, 
and these two States were therefore early interested in the project, and 
their action soon led to a similar movement on the part of Ehode Island 
and Maine. The rivers within the borders of these six States are the 
only ones in the United States known to have been frequented by the 
seagoing Salmo salar, except possibly the Hudson and certain rivers 
tributary to the St. Lawrence, in the northern part of New York. 

The commissioners to whom the governments of the above States 
confided the task of restocking the exhausted 'rivers turned their 
attention at once to the two most important of the migratory fishes, the 
salmon and the shad. The utter extermination of salmon from most 
of the rivers compelling the commissioners to consider the best mode of 
introducing them from abroad, eggs were obtained for a time from the 
spawning-beds in the rivers of Canada and hatched with a measure of 
success. After a few seasons permits for such operations were discon- 
tinued, and it became essential to look elsewhere for a supply of salmon 
ova. In 1870 attention was directed to the Penobscot Eiver, in the 
State of Maine, which, though very unproductive compared with Cana- 
dian rivers, might yet, perhaps, be made to yield the requisite quantity 
of spawn. The fisheries are all in the lower part of the river and in 
the estuary into which it empties, Penobscot Bay, and there the supply 
of adult salmon could be found with certainty, but tbey must be obtained 
from the ordinary salmon fisheries in June and held in durance until 
October or November, and the possibility of confining tliem without 
interfering seriously with the normal action of their reproductive func- 
tions was not yet established. 

This plan was finally adopted, and in 1871 this method of breeding 
salmon was first attempted. For the purpose of the experiment, a 
point at the mouth of Craig Brook, which is by water nearly 9 miles 
distant from the mouth of the Penobscot River, more than half the 
route being through brackish water, was selected as the most conven- 
ient fresh-water stream which offered facilities for confining the salmon 
and maturing their eggs. After some unsuccessful trials means were 
found of safely conveying a few live salmon in floating cars from the 
fishing-grounds to the station, where they were held till the spawning 
season, when their eggs were taken and impregnated. 

From 1872 to 187G operations were conducted on a larger scale, with 
a fair degree of success, and, after a suspension, were resumed in 1879 
at Craig Brook hatchery, while the retaining inclosures were located 
in Dead Brook, about 2 miles distant. The disadvantage of this 
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distance between the hatcbery and retaining-ponds was offset by other 
advantageous conditions. 

Until 1886 no attempt was made to rear salmon, and with unimpor- 
tant exceptions the work was confined to the collection of salmon eggs, 
their development during the earlier stages, and their transfer in winter 
to other stations to be hatched. In 1889, however, the United States 
Fish Ck)mmissioner decided to establish a permanent station at Craig 
Brook, and in anticipation of the purchase of the premises, which was 
concluded the following year, the rearing of salmon to the age of six or 
seven months was undertaken as the leading work of the station. 
• 

WATER FOR A SALMON HATCHERY. 

The first requisite for a salmon hatchery is an ample supply of suit- 
able water, on a site where it can be brought completely under control 
and the requisite fall secured. In this matter there is quite a range of 
choice. The very best is the water from a stream fed by a clean lake of 
considerable depth, taken a short distance below the outlet of the lake, 
with an intervening rapid. Craig Pond maybe taken as an example of 
such a lake. It has an area of 231 acres, an extreme depth of 69 feet, 
and a depth of 25 feet within 500 feet of the outlet. The depth directly 
influences the temperature and, other things being equal, a deep lake 
will afford water more uniform in temperature than a shallow one — cooler 
in summer and warmer, though never too warm, in winter. Such water 
is commonly quite even in volume and temperature, and comparatively 
pure. It is cold in winter and warms up slowly in spring, assuring a 
slow, normal development of the eggs, which is more conducive to 
health and vigor than a quicker development. The passage down a 
rapid will further improve this water by charging it highly with air. 

After this, the water of a brook is to be chosen that is fed largely by 
springs, so as to insure constancy in the supply and some moderation 
of the temperature on warm days, but it is better to have the water 
flow a long distance in an open channel before using, and, if possible, 
over a rough and descending bed, that it may be well aerated, and in 
cold weather somewhat cooled down from the temperature with which 
it springs from the ground. 

The next best is pure spring water; but in all cases where this is 
used a cooling and aerating pond is necessary, that the original warmth 
of the water may be subdued by the cold of the air before it reaches 
the hatching-troughs, and that it may absorb more or less air by its 
wide surface. 

Lastly, choose ordinary river or brook water, as clean as possible. 
These are inferior to spring water by reason of liability to floods, 
drought, muddiness, and foulness of other sorts, and in cold climates 
to anchor ice. 

Between these different sorts there is of course an infinite number of 
gradations. If lake water can not be obtained it would be of some 
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advantage to have a supply of both spring water and brook water, 
depending for ordinary use on the brook water or a mixture of the two, 
and on the spring water for emergencies, such as the freezing, drying, 
or excessive heating of the brook, floods with accompanying muddiness, 
etc. Water coming from boggy and stagnant ponds and marshes is 
objectionable; for though excellent water, capable of bringing out the 
most vigorous of fish, may sometimes be had in such places, yet when 
not supplied by springs it is dependent for its freshness and good qual- 
ities on rainfalls, and 'if these fail, as they are liable to, the water may 
become foul and unfit. It must be borne in mind that these remarks 
about the selection of water for fish-cultural purposes apply only to the 
culture of Atlantic or landlocked salmon, in a climate like that of the 
State of Maine. 

It is best to select a site for a hatching establishment in time of 
extreme drought, and if it then has an ample supply of pure, sweet 
water the first requisites are fiilfilled. It is well also to visit the place 
in time of flood and, if in a cold climate, in severe winter weather, 
to learn the dangers to be guarded against on those scores. The 
volume of water necessary will depend mainly on the proposed capacity 
of the establishment, the temperature of the water, its character as to 
aeration, and the facilities existing for the aeration and repeated use 
of the water. With water of the highest quality and low temperature, 
and with unlimited facilities for aeration, possibly a gallon a minute, 
or even less, can be made to answer for the incubation of 100,000 eggs 
of salmon. As the temperature rises or the facilities for aeration are 
curtailed a larger volume becomes necessary. In case of spring water, 
cooled only to 40^ and aerated only by exposure to air in a i)ool of about 
a square rod surface, with no facilities in the house for aeration, and 
with the eggs and fry crowded in the troughs at the rate of 4,000 per 
square foot, 4 gallons a minute is the least that can be allowed, while 
6, 8, or 10 gallons per minute are better. While the minimum is, as 
stated above, possibly less than a gallon a minute, it is not advisable 
to trust to less than 3 gallons per minute for each 100,000 eggs under 
the most favorable circumstances. 

If the water supply is drawn from a small brook or spring, it is neces- 
sary to measure the volume approximately, which is easily done, in the 
following manner: With a wide board 1 inch thick, having a smooth 
inch hole bored through the middle, a tight dam is made across the 
stream so that all the water will have to flow through the hole. If the 
water on the upper side rises just to the top of the hole, it indicates a 
volume of 2.3 gallons per minute; a rise of half an inch above the top 
of the hole indicates a volume of 3.5 gallons per minute; 2 inches rise, 5 
gallons per minute; 3 inches, 6 gallons per minute; 6 inches, 8 gallons 
per minute; 13 inches, 12 gallons per minute. If two 1-incb holes are 
bored, the same will, of course, indicate twice the volume. The volume 
of water flowing through holes of diflerent sizes is in proportion to the 
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squares of their diameters; thus a 2-inch hole permits the passage of 
four times as much as a 1-inch liole. A tube whose length is three 
times its diameter will allow 29 per cent more water to pass than a hole 
of the same diameter through a thin plate or board. 

SITE. 

After a satisfactory supply of water is found a site for the hatching- 
house must be selected that affords facilities for creating a head of 
water to provide for the requisite fall into and through the troughs, 
security against inundation, security against too much freezing if in a 
cold climate, and, finally, general safety and accessibility. The fall 
required in the hatching-house can hardly be too great. The minimum 
is as low as 3 inches, but only under the most favorabje circumstances 
in other respects will this answer, and even then it is only admissible 
where th^^xe is an ample su]»ply of aerated water and the troughs are 
very short and there isiibsolutely no danger of inundation; and this 
fall has the disadvantages of the impracticability of introducing any 
aerating apparatus and the necessity of having the troughs sunk below 
the floor of the hatching-house, which makes the work of attending the 
eggs and fish very laborious. 

A fall of 1 foot will do fairly well if there is entire safety from inun- 
dation, as this will permit the troughs being placed on the floor, which 
is a better position than below it, though still an inconvenient one, 
and some of the simpler aerating devices can be introduced. Better is 
a fall of 3 feet, and far better a fall of 6 feet. The latter permits the 
placing of the lowest hatching-troughs 2 feet above the floor and leaves 
ample room for complete aeration. The necessities of the case are 
dependent largely uiwn the volume and character of the water, and 
if there is plenty of it, well aerated before reaching the hatching-house, 
there is no occasion, in a small establishment, of additional aeration in 
the house, and therefore no need of more than 3 feet fall. 

Inspection of the premises at time of floods will suggest the safe- 
guards necessary to provide against inundation. If located by a brook- 
side, the hatching-house should not obtrude too much on the channel, 
and below the house there should be an ample outlet for everything that 
may come. By clearing out and enlarging a natural watercourse much 
can often be done to improve an originally bad site. 

In a cold climate it is an excellent plan to have the hatching-house 
partly under ground, for greater protection against outside cold. When 
spring water is used there is rarely any trouble, even in a cool house, 
from the formation of ice in the troughs; but water from lake, river, or 
brook is, in the latitude of the northern tier of States, so cold in winter 
that if the air of the hatching-house is allowed to remain much below 
the freezing-point ice will form in the troughs and on the floor to such 
an extent as to be a serious annoyance, and if not watched will form 
in the hatching-troughs so deeply as to freeze the eggs and destroy 
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them. Stoves are needed in such climates to warm the air enough 
for the comfort of the attendants; but the house shoukl be so located 
and constructed that it may be left without a fire for weeks without 
any dangerous accumulation of ice, and if the site does not permit of 
building the house partly under ground the walls must be thoroughly 
constructed and banked well with earth, sawdust, or other material. 
In warmer climates no trouble will be experienced from this source. 

DAMS AND CONDUITS. 

The requisite head of water can often be had by throwing a dam 
across the stream and locating the hatching-house close to it. The 
dam will form a small pond which will serve the triple purpose of cool- 
ing, aerating, and cleansing the water. But unless the bed and the 
banks of the stream are of such character as to preclude any danger 
of undermining or washing out the ends of the dam, it is best not to 
undertake to raise a great head in this way. With any bottom except 
one of solid ledge there is always great danger, and to guard against 
it when the dam is more than 2 feet high may be very troublesome. If 
there is a scarcity of water, or if it is desirable, for aerating or other 
purposes, to secure a considerable fall, it is better to construct the dam 
at some distance above the hatching-house, on higher ground, where a 
very low dam will suffice to turn the water into a conduit which will 
lead it into the hatching-house at the desired height. 

A square conduit mad^ of boards or planks, carefully jointed and 
nailed, is in nearly all cases perfectly satisfactory, and for an ordinary 
establishment a very small one will suffice. 

The volume of water that will flow through a pipe of a given form 
depends upon its size and the inclination at which it is laid. A straight 
cylindrical pipe, 1 inch in diameter, inclined 1 foot in 10, conveys about 
11 gallons of water per minute. The same pipe, with an inclination 
of 1 in 20, conveys 8 gallons per minute; with jin inclination of 1 in 
100, it conveys 3 J gallons per minute; with an inclination of 1 in 1,000, 
it conveys I gallon per minute. A 2-inch i)ipe conveys about oj^ times 
as much water as an inch i)ipe; a 3-inch pipe nearly 15 times as much. 
A 1-inch pipe, with an inclination of 1 in 1,000, conveys water enough 
for hatching 26,000 eggs; with an inclination of 1 in 50, enough for 
100,000 eggs; with an inclination of 1 in 20, enough for nearly 200,000 
egg6. A square conduit conveys one-quarter more water than a cylin- 
drical pipe of the same diameter. If there are any angles or abrupt 
bends in the pipe, its capacity will be considerably reduced. It should 
be remembered that if the water completely fills the aqueduct it is 
entirely shut out from contact with the air during its passage, whereas 
if the pipe is larger than the water can fill, the remainder of the space 
will be occupied by air, of which the water, rushing down the incline, 
will absorb a considerable volume and be greatly improved. It is 
therefore much better to make the conduit twice or thrice the size 
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demanded by the required volume of water. If the bottom and sides 
are rough, so as to break up tho water, so much the better, and the 
wider the conduit is the more surface does the water present to the air. 

AERATION. 

The water which fishes breathe is but the medium for the conyeyance 
of air, which is the real vivifying agent, without which fish and eggs 
will die, and with a scanty supply of which the proper development of 
the growing embryo is impossible. Water readily absorbs air when- 
ever it comes in contact with it, and the more intimate and the longer 
continued the contact the greater the volume it will absorb. The ample 
aeration of the water to be used in the hatching-house has already been 
mentioned as a desideratum of the first importance, and some of the 
devices by which it is to be secured have been alluded to. 

Water ft'om either a brook or a river that has been torn into froth by 
dashing down a steep bed has absorbed all the air that is needed in 10 
or 20 feet of hatching-trough, and demands no further attention on this 
score^ but if the water is taken from a lake, a spring, or a quiet brook 
it contains less air, which may be so reduced before it gets through the 
hatching-house as to be unable to do its proper work. It is therefore 
desirable to adopt all practicable means of reinforcing it. If the site 
of the hatching-house commands a fall of 5 feet or more, the object 
may be attained by contriving in the conduit outside the house, or in 
the hatching-troughs themselves, a series of miniature cascades. 

The broader and thinner the sheet of water the more thoroughly it is 
exposed to the air, and if, instead of being allowed to trickle down the 
face of a perpendicular board, it is carried off so that it must fall free 
through the air, both surfaces of the sheet are exposed and the effect 
is doubled. Wlien circumstances permit, it is best to aerate in the 
conduit, which, as already suggested, may be made wide and open for 
that purpose. 

If aeration can not be effected outside the house it may be done 
inside by arranging two long troughs side by side, leveled carefully, 
so that the water is received in one of tl^em and poured over into the 
other in a sheet the whole length of the trough. In the hatching- 
troughs themselves there is an opportunity for aeration, either by 
making short troughs with a fall from one to another or by inclining the 
troughs and creating falls at regular distances by partitions or dams, 
each with its cascade, after the fashion already described. The only 
serious difficulty is encountered where the ground is very flat, so that 
the requisite fall can not be obtained, and in this case the best that 
can be done is to make a very large pool, several square rods at least, 
outside the house, and make all the conduits as wide as possible, so 
that the water shall flow in a wide and sliallow stream. 

It will of course be borne in mind that the better the aeration the 
smaller the volume required to do a given work, and on the other hand 
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it 18 equally true that the greater the volume the less aeration is 
neceaaary. When bo large a volume aa6 gallous per minute for every 
100,1 00 egga is at command, a vompitratively small amount of aeration 
will answer. Bnt, so far as known, the higher the degree of aeration 
the better the result, without limit, other things being equal, and it is 
therefore advised to make use of all the facilities existing for this 
purpose. 

PILTEBING. 

Before the introduction of wire or glass trays for hatching fish eggs 
it was customary to lay them on gravel, and it was then absolutely 
necessary to filter all but the purest water. Even ordinary spring 
water deposits a very considerable sediment, which might accumulate 
upon the eggs to such an extent as to deprive them of a change of 
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water and smother and destroy them. When, however, eggs are depos- 
ited on trays arrauged for a circulation of water beneath, as well aa over 
ttiem, as described below, even though their upper sides are covered 
witii sediment, they are clean and bright underneath and remain in 
communication with tlie water beneath the tray, though of course the 
circulation of the water through the tray is not perfect. It is not, 
therefore, deemed necessary to introduce any considerable devices for 
(llteriDg water which i.s iiatarally very pure, like lake and spring water 
when not subject to intermixture with surface water during rains; but 
where it is necessary to use water subject to constant or occasional 
turbidness some method of Gltering is indispensable. 

In the majority of cases at least a portion of the water supply is 
obtained &om an opeu brook, lake, or pond, and measures must be takeu 
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to get rid of the leaves and other coarse rubbish brought down by the 
stream or condait. A great deal of snch material is encountered in a 
stream at all seasons of the year, but during the fall and early winter 
it is especially abundant, and to secure entire safety from a stoppage of 
the water, and consequent loss, a screen on a generous scale must be 
provided. 

A description of the means adopted at this station for providing a 
temporary extra water service of several hundred gallons per minute, 
taken from Craig Brook, will serve as an illustration : A tank or vat, 
12 feet square and about 2 feet deep, is built in the bed of the brook 
with a tight dam of stones, gravel, loam, and leaves (these to stop 
small leaks) running ashore on either side, so that the entire volume of 
the brook passes over the tank. The bottom and sides are tight and 
strong, and both bottom and top are inclined about 6 inches down the 
stream. The cover is of spruce lumber sawed 1^ inches square and 
nailed on in the direction of the current, with interstices open half an 
inch ; when in operation the water fills the tank and runs over the lower 
edge, which is raised enough to maintain a depth of several inches over 
nearly the whole tank. All leaves and other materials floating near the 
surface of the water are carried over, together with most rubbish which 
floats deep. At one of the lower corners of the tank, near the bottom, 
is a gate about 15 inches square, which is hung by hinges on its upper 
side. It opens inward, and is closed tightly by the pressure of the 
water; but it can be easily opened by pushing with a pole from without, 
and then serves as a floodgate, whereby the tank^may be thoroughly 
cleaned out. 

At the other lower corner is a conduit, 6 by 9 inches, which takes 
from this "leaf-screen" a supply of water not entirely free from rubbish, 
but so nearly so that a Alter of moderate capacity can cope with what 
remains. A very useful adjunct would be a second horizontal screen 
of similar construction, through which the wat^r that has passed down- 
ward through the first screen, as described, should next pass upward 
through the second; the first screen would remove floating debris, the 
second such as is heavier than water. 

The filter, situated about 70 feet from the leaf-screen, consists of a 
wooden flume, 12 feet long and 4 feet deep, divided lengthwise into three 
compartments, of which the central contains fine gravel held in place 
by a rack on either hand, of which the interstices are i inch wide and 
1^ inches apart. The water from the leaf-screen is introduced into one 
of the lateral compartments, and filters through the gravel into the 
opposite compartment, from which it is taken by a plank aqueduct, 6 
by G inches, to the hatchery. Under the conditions described, and with 
a fall of about 1 foot from supply to discharge, this filter discharges 
over 300 gallons of water per minute into the aqueduct — water not abso- 
lutely pure, but sufficiently free from coarse dirt for the purpose. 

In many cases, where small quantities of water are used, it is custo- 
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mary to filter throngh flaunel screens in the hatchery, and such filters 
do very gooil service. They can be iutroduced into the egg-trougba, 
or by running tliem lengthwise of a trough a very large volume of 
water can be filtered. 

PtAK. 



SECTION THROUGH A-B 




A form of filter that has given good satisfaction at the Craig Brook 
station through five years of service ooiisista of a series of graduated 
wiie screens, through which the water passes upward, first throngh 
the coarser and then through the finer screens, with provision for the 
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reversal of the current for cleaning parpoaes. By reference to the cnt 
on page 29, it will be seen that the w'ater is brought to the filter tbrongh 
a plank conduit, and is admitted to the filter through either of two 
gates that swing on hinges, one for the direct flow and the other for the 
reversal. The direct flow is first into a receiving chamber, which 
extends under the screens, then upward through the whole series and 
out at the top, overflowing into a catch-trough, from wbich it is dis- 
tributed as desired. In cleansing, the supply-gate is closed and the 
other one opened, and at the same time the sluice-gate at the bottom is 
opened; the water then flows in full volume upon the screens and down 
through them, carrying all the intercepted debris into the lower cham- 
ber and out through the sluice-gate. 

The wire filter illustrated has to pass some 500 gallons of water per 
minute, and has three screen-boxes, each of which carries 5 to 7 screens 
about 2 feet wide and 4 feet long; the meshes are from 2 inches down 
to i inch square, and therefore intercept all coarse debris. 

It is but the work of a few moments to reverse the current and 
thoroughly cleanse the screens; when the autumn leaves are falling 
this must be done several times a day, but at other seasons some days 
elapse between the cleanings. The wire — even galvanized — rusts out 
in two or three years, and lately the coarser screens have been made 
of slender rods of oak, which will undoubtedly prove more durable. 

None of the filters described will intercept the finest sediment, and 
the water is finally passed through a capacious wooden reservoir, 30 
feet long, 8 feet wide, and 5^ feet deep, before it reaches the troughs. 
This answers the purpose well for the amount of water supplied by the 
filter last described (about 500 gallons per minute) and is regarded as 
well worth having, though even this will not insure limpidity in the 
water when the brook is swollen by rains. 

It may be mentioned that this reservoir is kept brimful at all times, 
so that all portions of the woodwork, except the railing surrounding it, 
are kept continuously wet and thus insured against decay for a very 
long period of years. 

GRAia BROOK HATGHERT AND ITS EQUIPMENT. 

The Craig Brook hatchery derives its water supply from the brook, 
which has its source in Graig Pond, but which receives in the lower 
part of its course many copious springs. This spring water has some 
advantages, but possesses the serious disadvantage of such high tem- 
perature in winter as to unduly hasten the development of the eggs, 
causing them to hatch early and necessitating shipments of eggs in 
December. 

Accordingly, an aqueduct from a point on the brook above the springs 
brings to the hatchery a supply of cold water for winter use, in which 
eggs taken the first of November will not hatch until the following 
April. This is important, as, if the product of the season's batching 
is to be liberated as fry, the late date of hatching will bring them 
to the feeding stage about the time when suitably food abounds in 
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open waters, and if they are to be reared it is well to shorten ap 
the sac-stage and to have the early feeding-stage fall at a date when 
the temperature of the water is rapidly rising, which will get the fish 
quickly through that most difficult of all stages of growth. 

The aqueduct is about l,(iOO feet long, with a bore 4^ inches, and has 
a nearly uniform descent and total freedom from depressions, and is 
from end to end one single piece of cement concrete. It delivers to the 
hatchery about 100 gallons of water per minute, which is sufficient for 
the development of 4,000,000 eggs, and possibly many more. It was 
built in place around a slightly tapering core, which was drawn forward 
as fast as the mortar set, and it has now done good service for seven- 
teen years. By this means the temperature of the hatchery water is 
maintained 3^ below that of the brook modified by the springs. During 
the five months from November 1, 1895, to April 1, 1896, the mean tem- 
perature in the hatchery was 36.65^ F. 

OOLLBCTION OF STOCK SALMON. 

The only salmon fisheries available for the purpose of supplying Oraig 
Brook station with breeding fish are those carried on by weirs about 
the mouth of the Penobscot. Arrangements are made early in the 
season with weir fishermen to save their salmon alive and deliver them 
daily to the collecting agent of the station, who makes the rounds of 
the district about low water with a small steamer, which tows the cars 
containing the fish on the flood-tide to Orland village, where they are 
passed through the lock about high water and taken by a crew of oars- 
men to the inclosure at Dead Brook. 

In anticipation of this work, the fisherman places the floor of his 
weir a little lower than he would otherwise do, so that at low water the 
salmon may have water to swim in instead of being left high and dry 
by the retreating tide, in case of an accidental delay or failure to visit 
the weir at the usual hour. It is, however, the ordinary practice to 
take the salmon out at each '^fish-tide," i. e., low water, and place them 
in a car. Cars enough are stationed among the fishermen to bring one 
at least in each neighborhood, and in most cases the car is brought 
alongside and the salmon transferred to it directly from the weir, 
though in some cases it is necessary to place the salmon first in a box, 
in which it is carried by a boat to the car. The car employed is made 
from the common dory, divided transversely into three compartments. 
The central one, which is much the larger, is occupied by the fish, and 
is smoothly lined with thin boards and covered with a net to prevent 
the fish jumping out or being lost by the car capsizing, which some- 
times occurs, while to guard them from fright and the rays of the sun 
a canvas cover is drawn over all. 

The first cars of this form had iron gratings to separate the central 
from the forward and after compartments, the water being admitted 
through the forward and discharged through the after compartment, 
but this was objectionable because the salmon were constantly seeking 
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to escape throagh the forward grating, and often injured themselves by 
rushing against it. Smooth wooden gratings were afterwards used and 
for many years cars were employed in which the compartments were 
separated by tight board partitions, the openings for the circulation of 
water communicating through the sides of the boat directly with the 
fish compartment and being, of course, grated. This was a very satis- 
factory form, but when it was found desirable and practicable to use 
ice in transportation, the forward compartment became the ice-room, 
and it was necessary to perforate the partition again to admit the cold 
water to the fish. Finally, stout woolen blanket cloth was substituted 
in the partitions, with eyelet holes to afford passage to the water. 
This is the form now in use, in which the water is admitted through 
openings in the sides to the ice-room, from which it passes through the 
fish-room to the after room, whence it is discharged. 

The car is ballasted so that the rail is just above water or, in case 
of an unusually large load of fish, a little below it. ^11 the openings 
communicating with the outside are controlled by slides, which can be 
closed so as to let the car swim high and light when it is towed empty. 

The boxes used for the transfer of salmon hold about 90 gallons each, 
and are 2 feet wide, 2 feet deep, and 3 feet long, with a sliding cover, 
in the center of which is an inch auger-hole for ventilation. Such boxes 
were used at Bucks[)ort from 1872 to 1874 to convey the salmon on 
drays from the cars to the iuclosure, a distance of a little over a mile; 
six or eight salmon were taken at once, the box being filled brimful 
of water, which was brackish and generally clear and cool. Though the 
largest fish could not lie straight in the box, and the time occupied 
in transit was commonly twenty minutes, they as a rule arrived at the 
pond in good condition. 

To avoid injury to the fish in transferring them to the cars, fine dip 
nets, lined with woolen flannel of open texture, are used. The bow on 
which the net is hung is 22 inches in diameter, and to secure a net of 
ample width three ordinary nets, 36 inches in depth, are cut open down 
one side quite to the bottom, and then sewed together, giving thus 
three times the ordinary breadth without increasing the depth. 

The collection of salmon is begun each season usually from the 20th 
of May to the 1st of June, but as the maximum temperature that the 
fish fresh from the weirs will endure is about 75^ F., the temperature 
of the water through which the cars are towed must be taken into 
consideration, and the collection not be postponed until too late in the 
season. If the collection is i>rolong:ed, this difficulty is obviated by 
using ice, as it has been fouud that by moderating the volume of water 
passing through the car and introducing it all through the ice compart- 
ment it is possible to keep a uniform temperature in the compartment 
in which the fish are held several degrees below that of the water in 
the river, thereby insuring the safe transfer of the salmon. 

The principal sources of Dead Brook are two small lakes, and on 
some of the tributaries there are considerable springs. While the 
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water is slightly purer than that of ordinary brooks, it is by no means 
so transparent as that of Graig Brook, and the bottom can hardly be 
be seen at the depth of 4 feet. This drcamstance is regarded as favor- 
able. The inclosore is located on the lower stretches of the brook, not 
more than half a mile firom its month, with low banks on either hand 
and a very gentle carreiit flowing over a bed that is for the most part 
gravelly but in part consists of a peaty mud that supports a luxurious 
growth of aquatic vegetation. The general depth is less than 4 feet, 
but two of the pools are 8 feet deep and another is 6 feet deep. The 
width of the stream is from 20 to 80 feet. The inclosul*e occupies the 
entire stream for a distance of 2,200 feet, embracing an area of about 
2^ acres. At either end is a substantial barrier, consisting of wooden 
racks, which obstruct the current very slightly but conflne the ftalmon 
securely. The lower barrier is provided with a gate, which swings open 
to admit boats, and at the upper barrier are the spawning-house and 
watchman's camp and a small storehouse. 

The temperature of the water during the summer months generally 
ranges between 60^ and 10^ F., but the surface temperature occasionally 
rises to 76°, 80°, and even 84^. During sultry weather the temperature 
at the bottom has been observed and in the deeper pools has been 
found to be notably lower than at the surface. Thus a temperature of 
750 at the surface has been found to be accompanied by 6S^ at the bot- 
tom : 780 by 74© ; and 81° by 72°. It is probable that to the existence 
of these deeper pools the survival of the salmon through extremely hot 
weather may be ascribed. 

After their liberation in the inclosure the salmon are at first quite 
active, swimming about and often leaping into the air. This continues 
for several weeks, after which they become very quiet, lying in the 
deepest pools and rarely showing themselves until the approach of the 
spawning season. 

Most of the deaths occur during the first few weeks of their impris- 
onment, doubtless in consequence of injuries received in capture or 
during transfer, though high temperature in the inclosure itself about 
the time of the introduction of the salmon may be one of the causes of 
mortality. Pish that escape the dangers of June appear to become 
acclimated and able to endure the high temperatures of July and August 
without injury. 

Notwithstanding salmon enter the rivers in spring or early summer, 
ascending at once to their upper waters and there, in fresh water, 
awaiting the spawning season, fresh water is not essential to the activ- 
ity of their reproductive functions. At the Canadian fish-breeding 
station of Tadonssac, where salmon are almost the only fish cultivated, 
it has for many years been the pra<'.tice to hold their brood fish in an 
inclosure supplied with salt water, which flows and ebbs through the 
barrier confining the salmon, and the development of eggs and milt is 
in no wise unfavorably affected. 

¥, M. 3 
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THE BG0 HARVEST. 

The natural deposit of spawn by the Atlantic salmon in the rivers of 
the United States ocoars daring the months of October and November. 
In artificial operations at Dead Brook it has rarely been necessary to 
begin spawning before October 22, or to close later than November 16 .♦ 

Dead Brook is commonly at a very low stage in Angnst and Septem- 
ber, bat it rarely fails that before October 20 there is a very material 
increase in volnme. Whenever a sadden rise occurs, even in Augast 
or September, imprisoned salmon are at once excited to activity, and 
any aperture in the upper barrier sufficient to admit the body of a 
salmon is sure to lead to loss. As the breeding season approaches the 
sensitiveness of the fish to such influences increases, and a rise about 
October 20 is followed by a general movement of the salmon upstream 
in search of spawning-grounds. Advantage is taken of this circum- 
stance to entrap them at the upper barrier, where a small pound with 
a board floor and a barbed entrance, like that of a weir, is constructed a 
few days in advance. The success of this trap depends on the stage of 
the water, and it is always the case that a portion of the fish fail to 
enter it, so that the final resort is to a seine, with which the recalcitrant 
salmon are swept out of pools where they are wont to lie. 

The fish are dipped fVom the trap or from the seine with soft bag-nets, 
such as are used in collecting them at the beginning of the season, 
assorted according to sex and condition, to facilitate manipulation, and 
placed in floating wooden pens, which are moored to the bank in front 
of the spawn-house. These pens are about 12 feet long and 4 feet wide, 
with grated sides and floors, afibrding sufficient circulation of water, 
and, although indispensable for the convenient manipulation of the fish, 
the confinement in such narrow quarters leads to considerable chafing 
of noses and tails, and if long continued affects the development of the 
sexual functions of the female unfavorably, retarding the maturity of 
the eggs and even affecting their quality. The capture of the fish 
from the brook is therefore delayed to the x>oint of risking the deposit 
of some of the earliest eggs in the brook rather than the possible 
injuries in the pens. 

The spawn-taking operations begin as soon as any females are ready 
to yield their eggs. A scarcity of males in breeding condition has never 
yet occurred at this station at the beginning of the season, and hardly 
ever at its close. Among the earliest captures there are always a tew 
unripe fish, but invariably by the last day of October all are ripe. 

The spawning-house consists of a single, plain room, with two doors. 
From one of the beams hangs a steelyard and a bag, in which salmon 
are weighed. At one end is a stove, in which a fire is built in very 
cold weather. At the other end is a graduated board, upon which the 

* In Ciuiadian rivers the dates are but a little earlier. Thus at the Gasp^ hatchery, 
in the Province of Quebec, in 1894, the work of spawning began October 10 and closed 
November 2. 
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fish sure laid for measurement. At the front is a narrow table, on which 
the eggs are washed; and at the rear the entire side of the room is 
occupied by a series of shelves, on which the eggs are placed after 
fecundation and washing. 

The spawn-taker, clad in waterproof clothing and wearing woolen 
mittens, sits on a stool or box, and on a box in front of him is a clean 
tin pan holding about 10 quarts, which has been rinsed and emptied 
but not wiped out. A female salmon is dipped up from one of the 
floating pens and brought to the operator, who seizes her by the tail 
with the right hand and holds her up, head downward. If unripe, the 
fish is returned to the pens; if ripe, the spawn will be loose and soft 
and will run down toward the head, leaving the region of the vent 
loose and flabby, and the operator, retaining his hold of the tail with 
his right hand, places the head of the fish under his left arm with the 
back uppermost, the head highest, and the vent immediately over the 
pan. At first the fish generally struggles violently and no spawn 
will flow; but as soon as she yields the eggs flow in a continuous 
stream, rattling sometimes with great force against the bottom of the 
pan. Shortly tbe flow slackens and must be encouraged and forced by 
pressing and stroking the abdomen with the left hand. It is better to 
use the face of the palm or the edge of the hand rather than pinch 
between the thumb and finger; the latter action, especially when work- 
ing down near the vent, is apt to rupture some of the minor blood 
vessels, with the result of internal bleeding, and it is better to leave 
some of the eggs behind to be taken another day than to run the risk 
of such ruptures. 

If the fish in hand is fully ripe, nine-tenths of the eggs are obtained 
at the first trial. When the operation has apparently gone far enough 
for the first day, the fish is laid in the weighing bag, and as sooh as the 
weight is recorded is stretched upon the measuring board, whence she 
is returned to the water, after a stay of 10 or 15 minutes in the air, 
which results in no pennanent injury. Both the weight and length of 
the fish and the weight of the eggs are recorded, together with anything 
remarkable connected with fish or eggs. 

Large salmon endure transportation and confinement less success- 
fully than smaller ones, and the record therefore shows large numbers 
of salmon from 29 to 31 inches in length, weighing, including eggs, from 
9 to 12 pounds, and yielding 2J to 3 pounds of spawn (6,000 to 8,700 
©ggs), with now and then a fish 35 or 40 inches in length, yielding, in 
some cases, as many as 1G,000 to ^0,000 eggs. 

As soon as the spawn of a single female is taken, a male is brought 
to the spawn-taker and the milt expressed upon the eggs. The pan is 
then swayed and shaken violently until the milt becomes well dis- 
tributed and in contact with every egg. If the quantity of spawn 
exceeds 3 pounds it i.s divided and fecundated in two pans instead of 
one, as it is difficult to secure a good result if the eggs lie in too great 



36 REPORT OF COMMISSIONER . OP FISH AND FISHERIES. 

masses. The eggs are passed over to the washer, who repeats the 
swaying and the shaking, and, having weighed them, ponrs in a small 
quantity of water and goes through the mixing process for a third 
time. After this the eggs are immediately washed by i>ouring in an 
abundance of water and turning it off, and repeating the operation 
until the water appears quite clear, when the eggs are placed on the 
shelves in the rear of the apartment, to await the process of swelling. 
When the ^gg first comes from the iish it has a soft and velvety feeling 
to the hand, and the outer shell lies loose and slack against the yolk. 
The presence of water excites the shell to action ; its pores absorb water 
with such force that any foreign object coming in contact is sucked 
against it, and in consequence of this suction the eggs stick to the pan 
and to each other. In the course of 20 or 30 minutes this process is 
completed, the shell is swollen to its utmost extent and is firm to the 
touch, the space between the shell and the yolk is now filled with water, 
and adhesion to outer objects ceases. 

The eggs can now be laid upon trays and carried to the hatchery. 
No serious harm would ensue if the eggs should be disturbed during 
the process of swelling, but it is better not to spread them upon trays 
until they have attained full size and ceased to adhere to each other, 
and they are left on the shelves until the spawning for the day is over, 
when all are carried to the hatchery together. After the absorption of 
water the eggs must be handled very gently, as they are now suscep- 
tible to injury from sudden shocks, such as might ensue from |)ouring 
them from pan to pan, or setting the pan containing them down roughly 
upon a wooden table, and to guard against such injuries the tables and 
shelves are covered with old nets or other soft material. 

CONDITIONS AFFECTINGr FECUNDATION OF EGGS. 

While the spawn of a salmon is, with very rare exceptions, in normal 
and healthy condition and capable of fecundation within the limits of 
the spawning season, occasionally a fish is found whose eggs are in 
some way defective'. Sometimes they are developed unevenly, the 
ovaries containing eggs in various stages of growth, some mature and 
some rudimentary; sometimes all the eggs of a fish are abnormally 
small, and sometimes all have defects which render them incapable of 
fecundation. But among the thousands that have been manipulated 
at the station not 1 in 300 has had defects involving as many as 20 
per cent of her eggs, and in the spawn deemed of normal quality there 
can hardly be more than 1 defective egg in 400. Among the inales no 
instance has occurred where there was reason to suspect the milt of 
being of defective quality if secured from a living fish. 

In 1872 experiments were made bearing on the duration of the 
capacity for fecundation of the eggs with interesting results. From 
eight lots of eggs taken from dead fish, the rates of impregnation ranged 
from 92J per cent down to zero. From a fish that had been dead 2 
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hours 4,400 eggs were obtained, of which only 58 J per cent were capable 
of fecundation. In one instance eggs taken from a dead fish and kept 
until the morrow before milting remained so far in normal condition 
that 12J per cent were fecundated. In another case 400 eggs from a 
fish that had been dead 15 hours failed totally; and the same result 
was obtained with 2,200 eggs taken from four specimens killed two days 
before. 

The same experiments aflFord evidence as to the result of keeping eggs 
for various periods of time after they are taken from the tish, and 
eggs exposed to the air and guarded against contact with water appear 
to keep better than in the organs of a dead fish. Thus, 200 eggs were 
kept in a pan without water for 12 hours after they were taken flpom 
the fish, and the application of milt then resulted in the impregnation 
of 90 per cent; of 200 eggs kept in the same way for 30 hours and then 
treated with fresh milt, 87 J per cent were impregnated; and of 100 eggs 
kept 4 days and then treated with fresh milt, 12 were itnpregnated. 

Milt taken from a living male and kept in an open dish for several 
hours retains its powers fully, but experiments with milt from dead fish 
have given almost wholly negative results. !N"umerous experiments 
show that if eggs are merely covered by water, without effort to secure 
intermixture or the washing off of the mucus that envelops them when 
pressed from the organs of the mother fish, their susceptibility to fecun- 
dation may not be seriously affected by immersion 5 or 6 minutes; but 
if the eggs are stirred, so as to faeilitate the washing off of the mucus 
and the access of pure water, immersion for 1 or 2 minutes may pre- 
vent impregnation. 

When thoroughly diluted with water the milt speedily loses its 
power, the effect being very marked at the end of 30 seconds; diluted 
with the mucus that accompanies the egg, it will remain effective for a 
long period. Where water has been carefully excluded, milt has been 
used successfully after the lapse of 12 hours with landlocked salmon, 
and this would probably hold with eggs of all kinds of salmon and 
trout. This property of the mixed mucus and milt has been utilized 
in impregnating masses of eggs when there is a scarcity of males, as 
sometimes occurs toward the close of the spawning season. In strain- 
ing the mixed mucus and milt from the pan of eggs, the lower strata, 
which are richer in milt than the upper, should be especially secured 
and the mixture kept in a convenient recei)tacle. The upper strata of 
the mixture should not be used, as the milt settles to the bottom. 
Fresh milt should always be i)referred when obtainable. 

The eggs are washed as soon as the milt is thoroughly diffused among 
them, and this can hardly be done too speedily for the milt to act. A 
careful record of certain lots of eggs that were washed in special haste 
for experimental purposes shows that they were as well impregnated 
as those exposed to the action of the milt for a considerable period. 
Prolonged exposure to the milt has been found to affect the health and 
development of the embryo unfavorably. 
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TRANSFER OF EGaS TO THE HATGHERT AND THEIR CARE. 

From Dead Brook the eggi^ are transferred to the hatchery at Craig 
Brook station, about 2 miles, and spread on trays in the spawning- 
house. The trays are placed in frames, inclosed in boxes which are 
padded within to guard against concussion. In spite of all precautions 
some of the eggs are occasionally killed, though the trays are placed in 
pans of water and the eggs poured from the spawning-pans with the 
greatest care. The frames or ^< stacks " containing the eggs are placed 
at once in the troughs where they are to be developed. 

The trays are 12^ inches square, and constructed by attaching iron 
wire-cloth to light wooden rims with blocks at the comers, so that when 
piled up, one above another, there are narrow interstices on all four 
sides, through which water circulates freely. The rims of the trays 
are very slender, in order that they may never have buoyancy enough 
to float, which would necessitate some means of holding them down and 
increase the trouble attending their manipulation. Southern poplar 
(whitewood) is commonly used, and a rim i inch wide and | inch deep 
answers the purx)08e well, pirovided the wire be not very light. The 
comer pieces are i inch thick, and give the interstices just enough 
width to provide an ample circulation of water, but not enough to 
allow the escape of salmon eggs, which are nearly ^ inch in diameter. 
Busting is prevented by varnishing the wire-cloth with several coats of 
asphaltum varnish, which works better if made very thin by the use of 
a large proportion of spirits of turpentine. The same varnish gives a 
clean and glossy surface to submerged woodwork, and the varnishing 
is extended to the rims of the trays, the << stack-frames," and interior 
surfaces of the troughs themselves. Material subject to rust should be 
used only with great caution. Wire or other metallic forms galvanized 
with zinc vary in quality. Total loss of eggs has been known to result 
from the use of galvanized wire-cloth when unvarnished. Careful 
experiment should precede the use of any particular brand. Tinned 
wire cloth is better, but whether sufficiently to warrant the extra 
expense is the question. 

In developing eggs, in order to economize room, the trays are piled 
up 10 or 20 deep in frames that contine them only at the corners and do 
not hinder the free passage of water horizontally through the *< stack." 
About 2,000 Atlantic salmon eggs are placed on a single tray, and a 
trough of the ordinary length, 10^ feet, therefore carries 140,000 to 
280,000 eggs, with suitable free space at either end. It is therefore an 
exceedingly compact apparatus and has the further advantage that it 
can be used in a very plain trough which can, with a few minutes' work^ 
be transformed into a rearing-trongh for young fish. For 10-tray stacks 
the trough is made of pine boards, 12J inches wide and 9 inches deep 
inside, and is set up level, with the top about 30 inches from the floor of 
the room. 
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The water is fed iBto one end through a wooden or rubber tabe 
yarded by a wire screen, and is regulated by a simple swinging 
gate. The outlet is either over a wooden dam or through a hollow 
plug, either of which determines the height of the water in the trough, 
which is always maintained just at the top of the covering tray or an 
eighth of an inch above it. 
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Trough Arranged for Eggs. 
Fig. 1, plan. Fig. 2, longitadinal section. 



a, snpply •trough 

b, screen. 

d, supply-pipe. 
/, egg*troagh. 



j, down- spout. 

r, cleats. 

«, stacks of egg-trays. 

tf waste-pipe. 



u, screen. 

V, outlet. 

to, wooden dam. 

«, water surface. 



For the regular picking and cleaning, and for other examinations, the 
stacks are removed from the trough to a table, where the trays can be 
taken out one by one, set over into an empty frame, and returned to 
the trough. This can be performed with ordinary caution at any stage 
of the development of the embryo, without doing the slightest injury, 
and after the delicate stage is passed the trays and their burden of 
eggs can be washed at the same time in a pan of water. 

WINTEB OABB OF EGGS. 

The eggs pass the winter in the stacks. They are regularly picked 
over and the dead ones removed once or twice a week — twice during the 
first few weeks, on account of the comparatively high temperature then 
prevailing and the consequent rapid development of decay and growth 
of fungus. It depends, to a considerable extent, on the water tempera- 
ture; the water at the beginning of the spawning season varies from 
50^ to 550 F., and maintains a mean of 43^ to 4:5^ F. during the month 
of November. 

The color of a good eggy or of an unimpregnated egg that still retains 
its vitality, is a translucent salmon pink, with some variations in shade. 
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It is possible, by placiug it iu a fiavorable light, to get a fairly good 
interior view, includiug the detailed anatomy of the embryo. When 
the egg dies it turns chalky white, becomes wholly opaque, and in a few 
days, depending on the temperature, decay sets in, and sometimes a 
white water-mold or fungus begins to grow upon it The mere decay 
of the egg would foul the water, thereby injuring the neighboring eggs, 
and the fungus established on the dead eggs may spread to the living 
ones. It is therefore essential that the white eggs be removed before 
they have time to do any injury. 

For egg-picking a homemade pair of tweezers, about 6 inches long, is 
used, made of any convenient wood and tipped with a pair of wire 
loops of a size to conveniently grasp the egg. The operator lifts the 
stack of trays carefully from the trough and, to save dripping, carries 
it on a wooden waiter to a well-lighted table of convenient height, on 
which stands an oblong pan, 14 by 18 inches, holding about an inch of 
water. 

The stack of eggs to be picked is placed at one end of the pan and 
at the other end is an empty stack-frame. The trays are examined one 
by one, dipped in the pan of water, picked (or cleaned by agitation 
when the eggs are in condition to endure the disturbance), and placed 
in the empty frame. The air of the room is kept at a low temperature 
during this process, and the water in the pan is often changed. 

The eggs when first impregnated are very sensitive to rude shocks and 
are handled with great care. Within a few hours the germ begins to 
develop; in 10 days, at a temperature of about 40° F., the germ-disk 
appears as a ring of color on the upper side of the yolk. At this date 
the unimpregnated egg presents the same appearance and does not 
change much until its death, however long that may be deferred. In 
the impregnated egg, however, the germ-disk continually enlarges upon 
the surface of the yolk; the ring of color that marks its edge advances 
before it, passing quite round the yolk, and closing up on the posterior 
side. 

As early as the thirteenth day the difference between the impregnated 
and unimpregnated egg is quite plain to the unaided eye after a very 
little experience, and three or four days later the good egg is marked 
by a distinct line of color passing around the very middle of the yolk, 
a phenomenon never appearing in an unimpregnated egg. During 
this stage, while the embryonic disk is spreading around the yolk, 
the egg grows constantly more and more delicate, and liable to rupture 
of its tissues and consequent death on very slight disturbance; but 
later tlie tissues grow stronger, and when, about the thirty-fifth or 
fortieth day, the eyes of the embryo have assumed enough color to 
appear as two dark dots, the egg has attained hardiness enough to 
endure rougher handling.^ Thenceforward, until the near approach of 
the time for hatching, the work consists simply iu picking out the dead 
ones, occasionally rinsing out the sediment, and sometimes removing 
the unimpregnated eggs. 
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The latter procedure is attended to for the entire stock of eggs, bat 
is of special importance in case of those that are to be transported. It 
may be performed any time after the good eggs become hardy — that is, 
after the eyes become black — ^but becomes easier late in the season. The 
unimpregnated eggs, which were at first fully equal in hardiness to the 
impregnated, lose in that respect as time passes, and finally are readily 
killed and turned white by a shock which does no injury to the impreg- 
nated eggs. When this time has arrived, the eggs are turned from the 
trays into spawning-pans with a moderate quantity of water, and 
poured from pan to pan back and forth a dozen times, each time falling 
a foot or more, and striking the bottom of the pan with considerable 
force, giving each egg a severe shock. They are then returned to the 
trays and troughs and as soon as convenient are picked, and if the 
ox>eration has been thorough almost every unimpregnated egg has 
turned white and is picked out, while the eggs in which the embryos 
are developing have not suffered at all. 

PACKING AND TRANSPORTINa. 

Eggs may be safely transported as soon as the eyes have become 
thoroughly colored, and until within a few weeks (five or six in cold 
weather) of the date for hatchidg. In shipments made too late the shells 
burst on the way and the embryos perish. The method of packing eggs 
at Craig Brook is to put them in layers alternating with wet sphagnum 
moss in shallow wooden boxes, placed in cases of a size to afford on 
all sides of the inner package a space of 2^ or 3 inches, which is filled 
with some light, porous material that will form a good nonconductor 
of heat. 

The eggs are thrown from hatching-trays int<o a large rectangular 
pan, from which they are poured with water into tin measures which 
hold 2,500 each. A thin layer of moss Is placed in the bottom of a 
packing-box. A little fine snow is sifted upon the moss, and on this is 
spread a piece of mosquito netting that has been soaked and rinsed in 
clean water. A measure of eggs is now poured on and spread out and 
covered by folding over the edges of the netting, which now completely 
envelops them. Next a layer of moss is spread, followed by snow, 
netting, and eggs, as before, and the series is repeated until the box is 
full. The moss must be sufficiently wet, so that with the melting of the 
snow it shall have all the moisture it will hold, and no more, as it is 
very desirable to avoid the wetting of the outer packing. If the 
moss is too dry, the eggs may dry to the extent of becoming indented, 
and the same result may come from crowding the moss in too hard on 
the eggs, though it should be pressed in so tightly that the eggs will 
not slide out of place if the case is turned for a moment on its side. 

The temperature of the packing-room is below 50° F., and packing 
materials are kept in a place which is cool, yet not much below the 
freezing-point. Salmon eggs packed as above commonly go a three 
days' journey without completely melting the snow that was sprinkled 
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under the eggs, and on several oocasione eggs of landlocked Bahnon 
have been carried across the Atlantic in prime condition, without 
repacking or special attention. 

The packiog-boses are made or thin pine or fir, 12 inches wide and 15 
inches long — |-inch thick boards being need for the end pieces and 
^inch for the other parts — and hold in a single layer, without crowding, 
2,600 eggs. The deepest are 3^ inches deep and take four layers, or 
10,000 eggs, in a box. To make up a shipment of 40,000 eggs, foar ttoxea 
are piled np and seemed together by tacking strips of wood against 
the ends, with a cover on the upper box, and this package placed in 
the case. For a shipment of 80,000, two of the 40,000 packages are put 
side by side in a larger case, and the proportions selected for the inner 
boxes are such that the case required is of convenient form. 



Longitudinal section of ac&se of Atlantic Salmon eggs. 

Different mosses can be used for packing, but none are so good as 
the sphagnous moss that can be found in swamps and bogs in most 
regions of high latitude or considerable elevation. Fresh moas is 
preferable for a bed for the eggs, though dead, dry mosa may be moist- 
ened and used with good results. 

The moss is gathered in Augost or September, dried on the ground, 
and stored in sacks or in bulk until wanted. It retains its freshness 
through the following winter, not heating like most organic materials. 
It is exceedingly light, and the best nonconductor known, with the 
possible exception of asbestos. It is used dry in the onter packing 
mainly to save weight, but when protection against freezing is all that 
is sought, wet moss is better, as frost penetrates wet moss more slowly 
than dry. When moss can not be had, there are many substitutes 
which may be nsed for the protective envelope, such as dry forest 
leaves, chaff from a haymow, chopped hay, or even crumpled paper,* 
but the latter should not be allowed to become wet. 
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HATGHINa. 

As the time for hatching draws near, the eggs are placed on trays 
provided with legs or some other support to keep them up from the 
bottom of the trough. Brass nails driven into the under sides of the 
tray rims are good temi>orary legs, and after the hatching is»over they 
are readily removed and the necessity of a special set of trays for 
hatching is avoided. When there are plenty of troughs, these trays 
stand singly on the bottom of the trough, but when it is necessary to 
economize room two or even three are disposed one above another. 
When no necessity exists for economy of space, 4,000 eggs are allowed 
a whole trough, which is at the rate of 400 to the square foot; 2,000 
or even 5,000 to the square foot may be carried through hatching and 
the entire sac stage, but the latter number involves risky crowding. 

The hatching is sometimes expedited by giving eggs that are just at 
the hatching i>oint a decided shock, similar to that given at an earlier 
date to kill the unimpregnated ones; also by the temporary stoppage 
of the water supply. But at Craig Brook it is the custom to lay the eggs 
out in good season and allow them unlimited time in which to hatch, 
sometimes a week, sometimes two weeks. The earliest lots commonly 
hatch the latter part of March, and it is not often that any remain 
unhatched after April 20. The mean duration of the egg stage is 
therefore about 157 days, during which the mean temperature of the 
water has been about 37^ F. While hatching is progressing, the outlet 
screens are closely watched to keep the empty shells from clogging 
them up; for when a considerable part of the screen is clogged the 
force of the current through the open spaces is greatly increased, and 
the soft and yielding sacs of the fish are liable to be drawn through 
the meshes. 

THE SAO STAGS. 

When the shell breaks, though it has been coiled up in a space less 
than ^ inch in diameter, the trunk of the newly hatched salmon at once 
straightens out to a length of about J inch. The yolk, scarcely dimin- 
ished from its original size, hangs beneath and constitutes the greater 
part of the bulk of the fish. The young salmon is for a while more 
unwieldly than a tadpole. When frightened he sculls about with great 
energy, but makes slow progress and is fain to lie on his side on the 
bottom of the trough or crowd with his companions into a comer. The 
sac is a store of nutriment, which is gradually absorbed into the other 
parts of the fish ; and so long as it lasts the young salmon will not eat. 
The interval between hatching and total absorption of the sac varies 
with the temperature, the mean at Craig Brook in April and May being 
about six weeks. 

As time passes the embryo fish grows more and more to resemble the 
adult, his body acquires strength, and his fins assume form and become 
more effective as organs of propulsion. At last his digestive system 
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aasumes its fuuctioiis aod rouses the desire for food. Until tliis time, 
intent only on biding, the fry have clung obstinately to the bottom and 
to the dark comers, but now they scatter about through the water, 
vith heads npstieam, watching for prey. This indicates that they 
must be fed. During this period of his growth it is simply necessary 
to see that tlie young fish has phnty of water, that there is no hole or 
crevice into wtiich he can be drawn by the current, and that be in pro- 
tected from enemies, such as large fishes, minks, rats, kingflsbers, and 
herons, if not in a bouse, well-fitting covers must be provided to the 
troughs aud impassable screens command both cods. The screens are 
of fine wire-cloth, 12 or 14 meshes to the linear inch, and present a sur- 
face of 11 square inches to each gallon of water passing through them 
each ininute. Tbus, if there are 4 gallons of water passing through the 
trough each minute the portion of the screen beneath the surface of the 
water must measure as niubli as 56 square inches, and if the screen is 
12 inches wide the water must be If inches deep on the screen. 



Atlantic Salmon, recently hatched. 
BBAKING, 

The leading feature of the work of the station is the rearing of fry' to 
the age of six or eight months. The fishes reared are mainly Atlantic 
salmon, but landlocked salmon, American brook trout, European brook 
trout, rainbow trout, steclhead trout, American lake trout, Swiss lake 
trout, Scotch sea trout, and saibling have also been handled. The fish 
are fed wholly on artificial food from about June 1 till October or 
November, when they are mostly liberated. To a limited extent they 
are kept in artificial imnds, but troughs of the same form and dimen- 
sions as tliose already described for use in developing the eggs and in 
hatching have given satisfactory results and have been adopte<l for the 
most part. Each trough is provided with a changeable outlet screen 
and below the screen discharge-'^ the water through a hole in the bottom, 
into which is fitted a hollow plug, the height of which determines the 
depth of water in the trough. The hollow plug plays au important pnrt 
in the daily cleaning of the trough, which will be referred to further on. 

The use of the troughs in the open air, which, in the absence of coni' 
modious buildings, is a necessity, comi>els the constant use of covers to 
keep out vermin ; and wooden covers in pairs, running the whole length 
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of the trongh, hinged to its sides, and, when closed, assuming the form 
of a roof at an angle of 45^, were Anally adopted. These covers are 
wade of thin boards, | inch thick, sawed in narrow pieces, which are 
put together so as to leave in each corner two cracks open J inch wide 
for the admission of light when the covers are closed. When open they 
may be fixed in an upright position, thus increasing the height of the 
sides and guarding against the loss of fish by jumping out. 
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Troughs arranged for Rearing. 



Fig. 1, plan. Fig. 2, longitudinal section. Fig. 3, cross-section near foot of ti-ongh. Fig. 4, inlet, 
with rocking gate. Fig. .*>, elevation of lower end. 



a, snpply-troagh. 

d, screen. 

e, rocking gate, 
d, supply-pipe. 

r, water-l>oard (to spread the urater and throw it down). 

/, fish-trougli. 

«7, gnpe, to prevent spreading of sides. 

A, outlet screen. 



t, hollow outlet plog. 
J, down -spout. 
Ir, supports. 
I, cover. 
VI, cover open (hanging), 
n, cover open (upright). 
p, cover closed, 
r/, end boards (closing aperture). 



Water is furnished through rubber or wooden pipes | inch in diame- 
ter, and the bore of the hollow plug at the outlet is 1 J inch or larger. 
The inflow is regulated by an oscillating or rocking gat«, which is set 
to a<lmit the desired volume of water. The trough is set with the 
upper end an inch or two higher than the other, to facilitate cleaning 
out, and the water is kept during the summer about 4 inches deep at 
the lower end. 
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The troughs are sapported by a suitable framework at a convenient 
height from the gronzid and arranged in pairs with their heads against 
a long feed-trough, constructed of pine boards and perforated on the 
side by the feed-pipes, over each of which is a capacious screen to pre- 
vent clogging by leaves or other floating debris. A frame 6 by 12 
inches, covered on its outer side by wire-cloth of | inch square mesh, 
answers the purpose of a screen so well that water from an ordinary 
brook can bo admitted to the feed-trough without previous filtering or 
Screening and with little or no danger of a stoppage of water in any 
of the fish-troughs. Such screens over the feed-pipes might be made 
the sole dependence, were it not that the labor attending their cleaning 
would be greater than that required by a separate filter or screen. 




Stand of Troughs for Rearing Atlantic Salmon. 

The system represented here by 12 troughs in two series may be 
extended to many hundreds of troughs in four ^r more) series, each 
series on a different level and receiving water from the series next 
above, the fall from one to another being about 4 feet. In the drawing 
the series of 6 troughs on the left is supplied with water directly from 
the upper "feed-trough" (i. e., supply-trough), and they discharge into 
a catch-trough, from which the water is carried to the supply-trough 
("feed-trough'') of the lower level. If the aqueduct supplies more 
water than the upper series of troughs can use, the surplus passes by 
way of the "overflow" directly to the catch-trough and thence to the 
supply-trough of the second series. With a fall of 4 feet, the catch- 
trough and the conduits that lead from it are below the walks which 
give access to the troughs on both sides and at the lower end. 

The number of fish assigned to a single trough is ordinarily 2,000, 
and the volume of water given them is commonly 5 gallons per minute. 
Generally the water is used but once in troughs and is discharged 
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into conduits leadinfi^ to ponds where larger fish are kept ; but a stand of 
100 troughs has lately been set up with the design of using all the 
water twice ^ and for many years there has been one system of 52 
troughs, arranged in four series, which use in succession the same 
water, the young salmon thriving quite as well in the fourth series as 
in the first. 

On one occasion a few of them were maintained for several weeks in 
the warmer water of a neighboring brook, where a trough was set up 
and stocked with 100 young salmon takeu from one of the troughs at 
the station July 30. The temperatures observed between 1 and 4 p. m. 
in the fish- trough on successive days from July 30 to August 14, not 
including August 1 or 10, were as follows: 79^, 75o, 77©, 79^, 82^, 82o, 
780, 760, 76o^ 750^ 740^ 740^ 740^ 740^ p. 

The fish were fed the same as the lot out of which they were taken, 
except that they received food only once a day instead of twice, and 
were returned to the station October 7 without a single loss during the 
experiment. Moreover, they were all weighed October 10 and found 
to average 100.6 grains, while those of the original lot that had remained 
at the station, with a temx)erature between 50^ and 71^ F., averaged 
only 56.1 grains. Whilef the greatly increased weight of the fish kept 
in the stream was owing in part to more space, as the 100 had as large 
a trough as 1,505 at the station, the higher temperature was undoubt- 
edly one of the factors that contributed to the gain in weight, and it is 
at least plainly shown that the warm water was not unhealthfnl. 

Though small ponds, excavated by the former proprietor, were in 
existence at the station and used to some extent for rearing young fish 
in their first summer as far back as 1888, and older fish have been kept 
in small ponds each season since that, it was not until 1896 that enough 
X>ond work was done to furnish data of importance. 

The ponds for rearing Atlantic salmon are among the series known 
as the <' south ponds," occupying a smooth piece of ground sloping 
toward Alamoosook Lake at a grade of 1 in 8. Formerly it was mostly a 
swale, watered by a copious spring at its head. This series comprises 19 
ponds of rectangular form, about 50 to 90 feet long and 15 feet wide, with 
a depth of 2 or 3 feet. The water supply of those used for Atlantic sal- 
mon is derived from Craig Brook by an aqueduct tapping it at a point 
where two parts of Craig Pond water are mingled with one part spring 
water, being substantially the same as the water supplying the most 
of the rearing- troughs. From 5,000 to 10,000 fish that have been fed in 
troughs during the early part of the feeding season are placed in each 
pond, and for the remainder of the season are fed the same food that is 
given to the fish left in the troughs; and the results indicate that the 
stock of fish might be safely increased. 

While the greater part of the salmon reared at Craig Brook are 
liberated in October, when about seven months old, in 1891-92 about 
16,000 were carried through the winter, most of them in tanks sunk 
in the ground, and nearly as many have been wintered some other 



48 REPORT OF COMMISSIONER OP FISH AND FISHERIES. 

seaHons. Fish may also be kept all winter in troaghs in the open air 
by occasionally spreading blankets over them in exceptionally cold 
weather, and keeping the conduits carefiiUy covered. 

The fish surviving the summer season are generally counted and 
weighed in October, in the following manner: A large number of them 
are dipped up from a trough in a small dip net made of cheese-cloth, 
and from this, while it is hanging in the water in such a manner that 
the fish can not escape, they are dipped out a few at a time, in a small 
dipper or cup, counted, and placed in another bag net until a sufficient 
number (generally 200) are counted, when they are lifted out of the 
water, lield a moment in the air to drain, and all turned quickly into 
a pail of water which has previously been weighed. With care no 
appreciable amount of water goes with the fish, and the increase in the 
reading indicates their weight with a fair approach to accuracy, and 
with care and celerity of action it is quite safe for the fish. 

The size attained by the fish varies greatly, being affected by the 
water, the space allowed, the feed, and perhaps by hereditary influences; 
but when seven months old a trough-reared salmon is generally from 
2^ to 3 inches long and weighs from 35 to 100 grains, the maximum being 
about 130 grains and the minimum as low as 7 grains, the general 
mean for 1896 being 45.8 grains. Salmon reared in ponds have been far 
more thrifty, their general average in 1896 being 101 grains.* The 
losses in ponds from July to October were rather heavy, being 11.7 per 
cent, owing to depredations of frogs, birds, and cannibal fish. The 
losses in the troughs during the entire season were 9.1 per cent, but 
most of these were in the early stages of fryhood. After July losses in 
troughs are always very light. 

MATERIALS FOR FISH FOOD. 

At Craig Brook station there have been used butchers' offal, flesh of 
horses and other domestic animals, fresh fish, and maggots. Experi- 
ments have also been made with pickled fish, blood, fresh-water 
miissels, mosquito larvae, miscellaneous aquatic animals of minute size, 

*A very interesting compariBon between the resnlts of rearing: in troughs and 
ponds is afforded by the record of two lots of steelhead trout during the season of 
1896. All the fry of this species that were devoted to rearing were fed in troughs 
until July 22, when Kome of them were transferred to a pond which has an area of 
about 1,100 s<iuare feet and another lot was kept in a trough. The two lots were fed 
exactly alike, about ono-sixtli of their nutriment being live maggots, and live-sixths 
chopped meat, liver, and other butchers' oft'al. November 7, wie lot in the trough 
was overhauled, and the 762 survivors found to weigh 10 pounds 4 ounces, or an 
average of 94 grains. Three days later the pond fish were seined out and the 7,398 
survivors found to weigh 235 pounds 10 ounces, an average of 223 grains. It is not 
believed that natural food occurring in the pond contributed much to this result, and 
it would appear that the controlling factor in the case was the space afforded the 
fish. Leaving out of the account the difference in depth, in the pond there were less 
than 7 fish to each s(iuare foot of area, while in the trough, which had an area of 
about 11 square feet, there were to each square foot 69 fish. A similar illi^stration 
was furnished by 41 rainbow trout of the hatching of 1896 that got astray in one of 
the ponds and 'were taken out November 11, weighing 480 grains each. Those 
of the same age, reared in troughs, attained during the season only a weight of 136^ 
grains each. 
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flour, and middlings. The butchers' offal comprises livers, hearts, and 
li<;:ht8, which are collected from the slaughter-houses twice or thrice 
weekly, and preserved in refrigerators until used. 

The flesh of old and worn-out horses has been used each year since 
1892 in the same way as the butcher's offal, with very satisfactory 
results; the parts that could be chopped readily have been fed direct 
to the fish so far as needed, and other parts have been used in the 
rearing of maggots. 

Next to chopped meat maggots have constituted the most important 
article of food, and their systematic production has received much 
attention/ A rough wooden building has been erected for this branch 
of the work, and one man is constantly employed about it during the 
summer and early autumn months. The maggots thus far used are 
exclusively flesh-eaters, mainly those of two undetermined species of 
flies; the first and most important being a small, smooth, shining green 
or bluish-green fly, occurriiig in early summer and remaining in some- 
what diminished numbers until October; and the other a large, rough, 
steel-blue fly that comes later and in autumn becomes the predomi- 
nating species, having such hardiness as to continue the reproduction 
of its kind long after the occurrence of frosts sufficiently severe to 
freeze the ground. 

To obtain maggots meat is exposed in a sheltered location accessible 
to flies during the day. When well stocked with the spawn of the flies 
it is placed in boxes, which are set away in the " fly -house" to develop; 
when fully grown, the maggots are taken out and fed at once to the fish. 
Stale meat, parts of the butchers' offal and of the horse carcasses not 
adapted to chopping; fish, fresh, dried, or pickled; fish pomace from 
herring-oil works, and any animal refuse that comes to hand, are used 
to entice the flies and afford nourishment for the maggots. Fresh fish, 
when not too watery or oily, like alewives and herring, is very attract- 
ive to the flies, and in proper condition may serve as well as fresh meat. 
Fish dried without salt or smoke and moistened before using is, when 
free from oil, a superior article. Its preparation presents some diffi- 
culties, but in winter it is easily effected by impaling whole fishes on 
sticks and hanging them up under a roof where they will be protected 
from rain without hindering the circulation of the air; in this way 
many flounders and other refuse fish from the smelt fisheries have been 
dried. 

It is usually necessary to expose meat but a single day to obtain suf- 
ficient fly spawn; the larvae are hatched and active the next day, except 
in cool weather, and they attain their full growth in two or three days. 
To separate them from the remnants of food the meat bearing the fly 
spawn is placed on a layer of loose hay or straw in a box which has a 
wire-cloth bottom, and which stands inside a slightly larger box with a 
tight wooden bottom. When full grown, the maggots work their way 
down through the hay into the lower box, where they are found nearly 
free from dirt. 

F.M.. 
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When youDg salmon or trout first begin to feed they are quite unable 
to swallow full-grown maggots, and small ones are obtained for them by 
putting a large quantity of fly spawn with a small quantity of meat, 
the result being that the maggots soon begin to crowd each other and 
the surplus is worked off into the lower box before attaining great size. 
No attempt is, however, made to induce the young flsh to swallow even 
the smallest maggots until they have been fed a while on chopped 
liver. 

Maggots are produced and used in considerable numbers, sometimes 
as many as a bushel in a day. The fish eat them eagerly, and appear 
to thrive on them better than on dead meat. Having great tenacity of 
life, if not snapped up immediately by the fish they remain alive for a 
day or two, and, as they wriggle about on the bottom, are almost cer- 
tain to be finally eaten, which is a great gain in cleanliness and economy, 
as the particles of dead flesh falling to the bottom are largely neglected 
by the fish and begin to putrefy in a few hours and foul the troughs. 
As the growth of maggots can be controlled by regulation of the tem- 
perature, they may be kept all winter in a pit or cellar and used as food 
for fish confined in deep tanks not easily cleaned. 

In the rearing of maggots the offensive odors of decaying flesh may 
be partly overcome by putting it away in boxes, after the visits of the 
flies, and covering it with pulverized earth. Only flesh-eating maggots 
have yet been tried, and the trouble may possibly be rectified by culti- 
vating the larvae of other species, such as the house-fiy, the stable fly, 
etc., or a little white maggot known to grow in heaps of seaweed, if 
their rate of growth is found to be satisfactory. 

Occasional use has been made of fresh fish for direct feeding, but when 
thrown into the water after chox)ping it breaks up into fibers to such 
an extent that it is not satisfactory, unless in a coarsely chopped form, 
for the food of large fisli. A few barrels of salted ale wives have been 
used, and, if well soaked out and chopped, they are readily eaten by the 
larger fish and can be fed to fry, but are less satisfactory with the latter, 
and, like fresh fish, break up to such an extent that they are only to be 
regarded as one of the last resorts. 

Fresh-water mussels, belonging almost wholly to a species of UniOj 
have been occasionally gathered with nets or dredges in the lake close 
to the station and opened with knives and chopped. The meat is 
readily eaten by all fishes and appears to form an excellent diet. It is 
more buoyant than any other article tried, sinks more slowly in water, 
and gives the fish more time to seize it before it reaches the bottom; 
but the labor involved in dredging and shelling is a serious drawback. 

During the seasons of 1886 and 1888 some use was made of mosquito 
larvae, collected from pools of swamp water by means of a set of strain- 
ers specially devised for the purpose and from barrels filled with water 
disposed in convenient places near the rearing-troughs. The larva? (or 
pupae) were strained out and fed to the fish. No kind of food has been 
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more eagerly devonred, and appareutly no other food has contributed 
more to the growth of the fish; but the time expended in collecting is 
out of all proportion to the quantity of food secured. Perhaps a series 
of breeding-tanks arranged in proximity to the fish-troughs, into which 
the water containing the larvfij might be drawn when desirable by the 
simple opening of a faucet, would reduce the labor involved. 

Middlings and flour have been tried in combination with blood from 
the shambles, but did not appear to satisfy the fish so well as the vari- 
ous forms of meat, and their use has, therefore, not been continued. 
They were fed in the form of a pudding composed of two parts blood 
and one part flour or middlings, cooked carefully to avoid burning, 
and the mixture was then passed through a meat-chopper and ladled 
out with a spoon, like otlier chopped food. 

The gro\Hh of live food in the ponds themselves in which the fish are 
maintained has been the subject of study. Ponds several years old 
and well stocked with vegetation were at one time devoted to these 
experiments. They had been empty during the preceding winter, and 
in the spring were fertilized with various sorts of animal and vegetable 
refuse. They were stocked with different species of Crustacea native 
to the region, including shrimps (Gammartis) and entomostraca, of the 
genera Daphnia, Ceriodaphnia, 8ida^ Cyclops^ Polyphemus, etc., which 
were systematically collected from open waters by nets and other appa- 
ratus and placed in the ponds. These forms all multiplied there, some 
of them enormously, but no means was found of inducing continuous 
or frequent reproduction' of them, and the young fish soon exhausted 
the supply. 

In serving the food the attendant carries it with the left hand — in a 
2-quart dipper if chopped meat, in a larger vessel if maggots — ^and, 
dipping it out with a large spoon, strews it the whole length of the 
trough, being careful to put the greater portion at the head, where the 
fish nearly always congregate. Finely chopped food, for very young 
fish, is slightly thinned with water before feeding. 

It is usual to feed the meat raw except the liglits, which chop better 
if boiled first; but occasional lots of meat, on the point of becoming 
tainted, are boiled to save them. All meats fed directly to the fish are 
first passed through a chopping-machine. To fish just beginning to 
eat, food is given four times a day, or in some cases even six times, but 
lis the season progresses the number of rations is gradually reduced 
to two daily. In winter such fish as are carried through are fed but 
(mce a day. 

CLEANINa THE TROUGHS. 

The troughs are all cleaned daily. When the hollow plug is drawn 
the water rushes out rapidly and carries most of tlie debris against the 
screen. The fishes are excited, and, scurrying about, loosen nearly all 
the dirt from the bottom; what will not otherwise yield is started with 
a brush, but after the first few weeks the brush has rarely to be used 
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except to rub the debris through the outlet screen. Owing to the incli- 
nation of the trough, the water recedes from the upper end until the 
fishes lying there are almost wholly out of water, but, although they are 
left in that position sometimes for 10 or 15 minutes, no harm has ever 
been known to result. 

TRANSPORTATION AND LIBERATION OF YOUNG SALMON. 

The salmon produced at the station have, with few exceptions, been 
liberated in the Penobscot Elver or its tributaries, and more than 90 
per cent of them in small tributaries within 10 miles of the station. 
They have been spread about in streams and lakes, at all accessible 
points. They are transferred in tin cans, holding about 8 gallons, with 
an extreme height, including neck, of 17 or 18 inches, and a body 15J 
inches in diameter and 10 inches deep, making a very broad and low 
can, well adapted to the use to which it is put. Its great width favors 
aeration at the surface, and a good deal of dashing about of the water 
when on the road. The cans are filled to within about an inch from the 
shoulder, giving opportunity for the water to swash about and aerate 
itself. Into such a can are put from 200 to 400 Atlantic salmon seven 
months old, more or less, according to the size of the fish, the tempera- 
ture of the air, and the weather. The. ordinary load is about 300 when 
the temperature of the water is 52° to 54° F., making 37 fish per gallon. 
Such loads are entirely safe for the conditions attending the work. 
The motion of the wagon in which they are carried keeps up the aera- 
tion of the water, so that the fish can not exhaust the air. Should the 
cans stand still a very long time aeration is effected by a force-pump 
which draws the water from the can and returns it through a tube so 
that it strikes upon a deflector by which it is broken and scattered in 
spray. The suction hose is covered with a roomy wire strainer, so that 
the fish are not drawn in. 

DISEASES. 

Salmon in all their stages of growth are subject to a variety of dis 
eases. White spots sometimes occur on the eggs attached to the shell, 
but have no hold on the embryos, so that when the shell is torn off the 
white si)ot is seen as a cluster of globular white masses on its inner 
surface. These appear to be vegetable parasites, perhaps fungoid in 
their relations, and are never seriously abundant. Other white spots 
are connected with the yolk-sac itself. These are more serious, but 
while they result in the death of many embryos, they are K^y no means 
always fatal. In 1896 there were hatched at the station some rainbow 
trout that were badly spotted on the sac. A portion of the fry were 
divided into three lots for experiment: (a) Without spots; (b) moder- 
ately spotted ; (c) badly spotted. They were kept separate through the 
season, and a fair percentage survived, as follows: Of lot a, 55 per 
cent; of lot 6, 59 per cent; of lot c, 43 per cent. In the fall they were 
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all weighed, and it was found that lot c had made a slightly better 
growth than lot a. 

One of the most uncontrollable diseases attacks salmon fry midway 
ill the sac stage, and finishes its work before the complete absorption 
of the sac. The most evident symptom is the appearance of scattered 
white spots in the sac; the fish cease to try to hide, but lie scattered 
about on the bottom of the trough; the spots increase in size, coalesce, 
and finally occupy large areas, especially in the tip of the sac, which 
becomes quite white. Soon after this the fish dies. The attack on a 
lot makes rapid progress; for instance, a lot of 2,000 in which, up to 
April 22, the losses had been from 1 to 9 daily, showed 17 dead on the 
23d, and five days later 300 died in a single day. In 1890 this epi- 
demic attacked especially the iry of Atlantic salmon, destroying about 
a third of them; it also destroyed many landlocked salmon, and some 
other species suffered heavily about the same time. In 1891 there was 
not a trace of it. In 1892 it returned again, and out of 305,353 fry of 
Atlantic salmon it left but 3,874,' and these were by no means healthy; 
but it attacked only Atlantic salmon. Salt and mud were tried as 
remedies, but though the progress of the disease appeared in some 
instances checked thereby, no permanent benefit resulted from their 
use. 

In 1890 this epidemic appeared to run in families. There was evi- 
dence tending to show that all the eggs coming from a particular mother 
would have a common degree of liability to the disease — some families 
be'ng exterminated by it, some only decimated, and others able to resist 
it altogether. It did not appear to be infectious, as several lots of fry, 
separated by screens, would occupy a single trough, and in some cases 
those at the head of the trough would be totally destroyed, or nearly so, 
and those below them escape from attack. 

The only other diseases of Atlantic salmon that demand notice here 
are connected with the so-called fungus, belonging to the group of 
water molds called Saprolegniw, and probably to the genus Sa/prolegnia^ 
one species of which, S.ferax^ is noted as the cause of very destructive 
epidemics among the adult salmon of Scotch and English rivers. The 
species that attacks fish eggs is well known to every fish-culturist as 
a fine white growth of a cottony or woolly appearance that forms upon 
dead eggs, and when neglected spreads out so as to envelop in its 
threads a great many of the living eggs surrounding it. It is by no 
means certain that all such growths belong to one species or even to 
one genus, but they are much alike in structure and growth and live 
axH)n animal and vegetable matter, either as parasites attacking living 
matter or as saprophytes attacking only dead and decaying matter. 
There has never been serious trouble with this fungus at Craig Brook 
station, and great loss from it can only occur in consequence of neglect 
of the duty of picking out the dead eggs. An instance of its attacking 
a living iigg except by reaching out from a dead one is unknown. Fish 
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several months old are sometimes afflicted with a similar growth, which 
may possibly be not the original cause of the disease, bat only an 
attendant symptom. Such an attack was experienced at Craig Brook 
in July, 1888. The fry of Atlantic salmon were the sufferers and the 
mortality was considerable, but it yielded promptly to a salt bath. 

The occurrence of fungus on wounds, even on such as result from 
the abrasion of the skin or the loss of a scale, is very common, but such 
cases are rarely fatal, though no remedy be applied. The only serious 
attack of fungus on adult salmon occurred during the experimental 
work at Craig Brook in 1871. The first inclosure made to receive the 
breeding fish was a small and shallow one, made by damming the brook 
itself at a point where its volume consisted of about 30 per cent of 
spring water. The fish had suffered considerably from the handling 
necessary in bringing them so far and from the rough character of the 
experimental cars in which they were transported. The first of them 
were placed in the inclosure June 8. On the 12th 2 of them died, on 
the 13th 2 more, and by the 17th 14 w6re dead out of 41 received; by 
the 20tli the mortality had increased to such a point that it became 
evident that not a single salmon would survive unless some change was 
made in the mode of confining them, and they were all removed and 
placed in other quarters. Fine of them, already so badly diseased as 
to be considered hopeless cases, were turned loose in Craig Pond, and 
part of these recovered and spawned in the autumn following on a 
gravelly shore, where some of them were taken and found to bear the 
well-healed scars of their ugly sores. 

The symptoms noted were sluggishness and heedlessness; an inclina- 
tion to swim near the surface of the water; a white, filmy appearance 
of the eyes, which seemed to be accompanied or followed in many cases 
by blindness; a white fungoid growth on the abraded tips of the fins 
and wherever the scales had been rubbed off; white blotches breaking 
out on all parts of the body, even where there had been no mark of 
injury, particularly on the head, proving on examination to be patches 
of white fungus, which, on the parts of the body covered by scales, 
grew underneath the latter and pushed them from their places. 

Experiments in confining salmon in other waters the same season 
turned out successfully, and it seems that the most important condi- 
tions in the case were these : The area of the fatal inclosure was about 
a quarter of an acre; the water was partly from springs and was so 
exceedingly transparent that a pin dropped into it could be readily 
seen at a depth of G feet, so that there was practically no protection 
from the rays of the June sun ; the fish had been transported in a com- 
mon dory with holes bored in the bottom to admit water, a very inferior 
sort of car compared with those now in use; they had been transported 
a long distance and passed three separate locks and had finally been 
hauled in a tub on a cart over rough ground from Alamoosook Lake to 
the indosore. 
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The conditions at Craig Pond, where some of the worst cases recov- 
ered, were these: An area of 231 acres; a maximnm depth of 69 feet; 
exceedingly pure and transparent water, like that of the inclosure. 

At two of the other inclosures tried that summer, where there was 
no attack of fdngus, the water was brown and dark, like that of ordi- 
nary brooks and ponds, and in the remaining one it was intermediate 
in character. 

These facts point strongly tp the character of the water as the cause 
of the fatality of the disease, and especially to its pellucid character, 
which exposed the salmon to an extraordinary glare of light, whereby 
the growth of the pest was greatly encouraged. The recovery in the 
transparent water of Craig Pond was rendered possible by the great 
depth of the water, through which but a small fraction of the light of 
day could penetrate. No doubt the salmon liberated there at once took 
refage in the deeper parts. The suggestion naturally arises that arti- 
ficial shade might be useful in the treatment of such diseases, whether 
the attacking fungus be identical with that observed in the above in- 
stances or a related one. 

It is certain, from the promptness with which dead animal matter 
becomes the prey of saprophytic growths, that the spores of these 
water-molds are well disseminated throughout fresh waters, everywhere 
ready to seize upon an opportunity for germination and growth, and 
that as a general rule these spores are quite unable to seize upon any 
animal substance which is not already dead or in a diseased condition. 

A growth of Saprolegnia ferax once established on the body of a 
salmon is able to extend itself upon and into the living tissues around 
it, which it seizes upon and destroys. Growing upon a dead ^gg^ it not 
only ensnares the neighboring living eggs, but sometimes pierces their 
shells and establishes itself on the internal parts. In one instance the 
fiingus had gone so far as to attach itself to a living embryo, which, on 
removal from the shell, was found to support on the sac quite a tuft of 
growing fungus, though neither on the sac nor any other part of the 
fish was a trace of dead substance discernible. 

It has been ascertained that the Saprolegnia which attacked the 
living salmon can be communicated by contact to dead flies, and that 
Saprolegnia found growing in the ordinary way on dead flies in water 
can be communicated in its turn to living and healthy dace and may 
so flourish on them as to cause their death. 

The impression has prevailed that the Saprolegnia which infests the 
eggs in hatching-troughs originates in or is encouraged by bare wood 
exposed to water, and that special effort is necessary to prevent its 
forming; but experience at this station does not show that attacks of 
fungus on either eggs or fish could be traced to bare wood, and, on the 
other hand, eggs and fish in troughs carefully varnished with asphaltum 
are no freer from fungoid or other disease than those in neighboring 
troughs from which long use had worn almost the last vestige of varnish. 
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The best precaution against this growth is the careful picking out of 
dead eggs before there is time for the fungus to grow on them, and in 
case of a serious attack on fry or older fish to treat them with an exterior 
application of salt, which, while not a cure-all, is very efficacious in 
cases of fungous diseases, and, if prudently used, a safe remedy for iish 
that have reached the feeding stage. 

To apply this remedy to fry in the troughs a saturated solution of 
salt in water is made — that is, the strongest brine that can be made with- 
out heating the water. The flow of water in the trough to be treated 
is then stopped, which leaves it from 3 to 4 inches deep, when cDough 
brine is poured in to make the water iu the trough about as salt as com- 
mon sea-water, about 1.02tS specific gravity. The fish are left m this 20 
or 30 minutes, unless they exhibit uneiisiness, and then fresh water is 
turned on. Precaution is taken to dilute the brine with an equal quan- 
tity of water, to distribute it the whole length of the trough, actively 
stirring the water to secure an even mixture ; and before turning on the 
usual water supply a large quantity of fresh water is likewise poured 
in, distributing it the whole length of the trough and stirring as before, 
to guard against a too sudden change. 

Such precautions are especially necessary in the application of salt 
to ver/ young fish. A large number of salmon in the sac stage was 
once destroyed by pouring in a little brine without stirring it; it ap- 
peared to sink to the bottom and spread out in a layer by itself among 
the fry, and all exposed to it died. 

ENEMIES OP YOUNG SALMON. 

The young salmon are subject to the attacks of many animals and 
birds, such as the mink, mole, star- nosed mole, common rat, muskrat, 
kingfisher, great horned owl, great blue heron, sandpiper, and fish- 
hawk, besides frogs and all large fishes. 

At Craig Brook the mink has caused serious loss. As a protection 
some of the ponds are covered with galvanized poultry netting, and 
traps are kept constantly set in the avenues by which this animal is 
apt to approach. The mole burrows through embankments and thus 
sometimes causes trouble. The star-nosed mole is known to steal dead 
eggs, and is suspected of taking live ones. The rat sometimes takes 
young fish from the troughs. The muskrat burrows in embankments 
and sometimes eats fish. 

The different fish-eating birds o(»caRionally steal fish from the ponds 
or troughs, but if a careful watch is kept the danger is not great. 
Frogs may be exceedingly destructive to young salmon, and must be 
caught out of the fish-ponds. 

To avoid loss from cannibalism among the fishes it is necessary to 
feed them well and to take great care that no large iish get in among 
the small ones. 
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THE LANDLOCKED SALMON. 



The landlocked salmon was formerly regarded as speciiically distinct 
from the seagoing form, but it is now generally considered only a 
variety. The fish found in Sebago Lake and other localities in the 
United States is knowu as Salmo solar sehago, and the Canadian form as 
Salmo solar ouanoMicIie. From the fish-culturist's point of view, how- 
ever, tihe marked difference between the landlocked and the seagoing 
salmon in habits and growth must separate them as widely as any two 
species of the same family. 

Landlocked salmon are known to exist only in some of the lakes in 
SwMen, besides the lakes of eastern North America. They are native 
to most of the lakes of eastern Labrador, including the waters tribu- 
tary to Ungava Bay, and find their western limit in Lake St. John and 
vicinity, on the Saguenay River. Those of the latter district have been 
much written about under the name of " ouxinanichey 

Doubtless the absence of the seagoing instinct is at the bottom of 
most of the variations from the normal type of Solmo solar which the 
landlocked salmon exhibits. Its lower tone (^ color, less permanent 
sexual marks, and greater liability to ovarian disease, as well as differ- 
ent habits of feeding, may perhaps be referablf> to the same general 
cause. There are some other peculiarities, however, which are not so 
easily explained. For instance, the eggs of the landlocked salmon are 
considerably larger than those of the sea salmon, and the very young 
fry are correspondingly larger. 

The fin:*owth of the young of the Sebago landlocked salmon seems to 
be more rapid than that of the anadroni():is salmon, for some specimens 
more than a foot long still bear on their sides dark, transverse bands, 
characteristic of young salmon; but it may be that the landlocked fish 
simply retain the marks of the immature stages to a later period of life* 
This view is supported by the fact that the dark bands are never com- 
pletely obliterated from the sides of the landlocked salmon, being always 
very distinct, even in adult specimens, on the under side of the skin, a 
character absent among migratory salmon. 

The landlocked salmon is smaller than the anadromous salmon, but 
its flesh is fat and rich and of a very delicate flavor. In game qualities 
it is, for its size, quite the peer of the larger salmon, and affords keen 
sport to the fly fisherman. It is, therefore, much sought after, and 
ranks in public favor among the foremost fresh- water species. 
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The natural range of the landlocked salmon in the United States is 
much restricted. Leaving oat of the question the salmon formerly 
frequenting the rivers tributary to Lakes Ontario and Ghamplain, the 
extent of whose migration is a matter of doubt, we find them only in 
four limit^ddistricts, all in the State of Maine, namely, the Presumpscot 
River (including Sebago Lake) in Cumberland and Oxford counties, the 
Sebec River (a tributary of the Penobscot) in Piscataquis County, the 
Union River in Hancock County, and the St. Croix River in Washing- 
ton County. There are some minor ditferences between the fish of these 
several districts, of which, perhaps, that of size is most notable. The 
Sebago and Union River fish are much larger on the average than those 
of the Sebec and St. Croix. The Sebago salmon average at the spawn- 
ing season 4 or .*> pounds weight for the males and a pound less for the 
females, while specimens of 12 and 14 pounds weight are not rare, and 
there is a record of one of 25 pounds. The Union River fish are about 
the same size. The St. Croix fish vary in the matter of weight m dif- 
ferent parts of their range, but the average weight of either sex at 
Grand Lake Stream is a little less than 3 pounds; specimens of over 6 
I>ounds are rare, and none is on record of over 10 pounds. 

After attempts to collect eggs of landlocked salmon in each of the 
four regions mentioned, it was found that (3 rand Lake Stream in the 
St. Croix district afforded excellent facilities for this work. A hatching- 
station at that place was operated from 1875 to 1892, and has been 
recently reopened. 

The following notes on fish-cultural methods have special application 
to Grand Lake Stream : 

The landlocked salm#n of the St. Croix, though originally well dis- 
tributed through the lakes tributary to that river and still inhabiting 
a great many of them, finds in some a much more congenial home 
than in others, its favorite abode being Grand Lake on the Schoodic 
River. This body of water is of irregular shape, about 12 miles in 
length and 4 in extreme breadth, fed almost wholly by short streams 
that form the outlets of other lakes, and from this cause, as well as 
from the fact that it drains a gravelly country and is girt with clean 
rocky sliores, it is one of the purest of the Maine lakes. Its greatest 
depth is believed to be little more than 100 feet. Its outlet is Grand 
Lake Stream, a shallow, rapid, gravelly stream, about 3 miles long, to 
which the salmon go in October and November to deposit their eggs. 
Comparatively few of the salmon of this lake resort to the streams 
tributary to it. 

The operations with landlocked salmon necessarily differ from those 
with migratory salmon. Being at home in fresh water and having there 
their feeding-grounds, they continue to feed until the close approach 
of the spawning time, and hence they could not be penned up in the 
summer without some i)ro vision for an artificial supply of food, which 
would probably involve a great deal of expense and trouble. More- 
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over, tbo necessity of collecting breeding fish early in the summer does 
uot exist, because they are at no time more congregated and easy to 
catch than at the spawning season. 

Their capture is easily effected by stretching a net across the outlet 
of the lake and leading them through a tunnel-formed passage into an 
inclosure of netting. There happens to be at this point a wide surface 
of smooth bottom, with water from 1 to 3 feet in depth, affording an 
excellent site for spacious iixclosures, not only for entrapping but for 
assorting and storing salmon daring the spawning season. Kets are 
generally stretched across the stream (to keep the fish back in the lake) 
immediately after the beginning of the close season, September 15. 
The earliest of them begin to spawn before the end of October, but the 
actual inclosing of the breeding stock is deferred until the early days 
of November. The taking of spawn generally begins about November 
6 and continues two or three weeks. Commonly by November 20 or 22 
this work is completed, and the breeders are carried a mile or two up 
the lake and liberated. 

The method of manipulation is the same as at the Oraig Brook station, 
and does not differ materially from that adopted by all the American 
breeders of Salmonidce. The results in the impregnation of the spawn 
are not so uniformly satisfactory as with sea salmon. Ovarian dis- 
ease seems more prevalent among landlocked than among migratory 
salmon. The occurrence of white eggs among the normally colored 
and healthy ones, as they are yielded by these fish, is very common, 
and occasionally the entire litter is defective. It is not improbable 
that some eggs are incapable of impregnation, though exhibiting no 
visible signs of disease. However, the general •result is satisfactory, 
the ratio of impregnated eggs being from 93 to 95 per cent. 

The facilities for developing and batching the eggs at Grand Lake 
Stream are rather poor. No good site could be found by the side of 
the stream, no suitable brook could be found near enough to the fishing- 
grounds, and the neighboring springs lacked either volume or facilities 
for utilization. Of three hatcheries, two use spring water exclusively, 
and one of them lake or stream water exclusively. The lake water is 
preferred, but unfortunately it can only be used for the slow develop- 
ment of part of the eggs, circumstances connected with the floating of 
timber down the stream compelling the evacuation of that hatchery in 
March. The main hatchery is well located except that the water is from 
springs, and this unfavorable circumstance is well counterbalanced by 
the facilities for aeration, which are very good and very fully employed. 
The eggs are placed upon wire-cloth trays in stacks or tiers, ten deep, 
and arranged for a free horizontal movement in the water. 

The egg shipments are made in January, February, and March, and 
sometimes in April. The eggs hatched are selected from tliose that have 
been retarded in development; the fry reach the age for liberation in 
June, when their natural food is believed to be abundant. 



60 BEPOBT OF COMMISSIONER OF FISH AND FISHERIES. 

Experience at Green Lake has sapplied some interesting data. Here 
we find the breeding- grounds of the salmon both in the affluents and in 
the effluent of the lake, but, unlike Grand Lake, mainly in the affluents. 
Great Brook, the largest tributary, is most resorted to, and on this 
stream is located a station for the propagation of this species. The 
most of the breeders are taken in a trap in the brook, which they 
readily enter when seeking to ascend to their natural breeding-grounds 
just above. The trap is constructed of woqd, and close to it, also in the 
bed of the brook, are numerous pens of the same material, in which the 
fish are assorted and held during the spawning season. On the bank, 
snug by the pens, is the spawn-house, and a few rods away is the 
hatchery. The hatchery is supplied with water from Eocky Pond, the 
source of Great Brook, by a wooden flume 7,050 feet long, Bap{K)rted by 
wooden trestles, at some points elevated many feet above the ground. 
Li cold weather the water cools off I4 degrees in passing down this 
flume; in warm weather it warms up 1^ degrees. Though the summer 
temperature during the early years of the station was sometimes over 
80^ F. and some other species succumbed to the heat, the landlocked 
salmon endured it safely, and the only notable eflect on them was that 
at 750 and upward the adults reared in the station ponds refused to eat. 

As at Grand Lake Stream, among the adult wild salmon caught for 
breeding each year are many more females than males. In 1889 the 
proportion was 3 females to 2 males; in 1893 it was 9 to 4. The size of 
the Green Lake salmon is remarkable; the mean of 69 full-roed females 
in 1889 was 7.8 pounds in weight and 25.5 inches in length ; the males 
the same year averaged 5 pounds in weight and 22.3 inches in length; 
one female weighed 11 pounds 9 ounces, and measured 30 inches; 
another, 11 pounds G ounces in weight, was 30^ inches in length; one 
male, 31 inches long, weighed 13 pounds 8 ounces. The number of eggs 
yielded by the females is about 4,000 each. 
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THE RAINBOW TROUT. 



DESOBIPTION OF THE FISH.^ 

The body of the rainbow trout {Salmo irideua) is comparatively short 
and deep, and is more elongate in males than in females. The. average 
depth is contained about three and four- fifths times in the body length. 
The short head, which is obtusely ridged above, is about one-fourth the 
total length. The mouth is smaller than in other species of ,8ahno^ the 
maxillary reaching scarcely beyond the eye, which is rather large, and 
is contained five times in the side of the head. The caudal fin is dis 
tinctly but not strongly forked. On the vomer are two irregular series 
of teeth. The dorsal rays number 11 and the anal 10. In the typical 
species there are about 135 scales in the lateral series, with 20 rows 
above and 20 below the lateral line; in the several subspecies the 
number of rows of scales along the side is from 120 to 180. The color is 
variable, dei)ending on sex, age, and character of water. Typical adult 
fish are bluish above, silvery on the sides, proftisely and irregularly 
dark-spotted on the back and sides, the spots extending to the vertical 
fins, with a red lateral band and blotches and a nearly plain belly. The 
sea-run fish are nearly plain silvery. The chief distinguishing color 
characteristics of the varieties are in the number and position of the 



. spots. 

* BAKGE AND VARIATION. 



The rainbow trout is not indigenous to eastern waters, its original 
habitat being the Pacific coast of the United States. It is especially 

^ abundant in the mountain streams of California. A few specimens, 

; however, have been taken in salt water, and it is not unlikely that some 

I find their way through the rivers into the sea. 

\ The species is subject to considerable variation in form and color in 

different parts of its range, and the following varieties have received 

I . recognition by ichthyologists: The brook trout of western Oregon and 

Washington (Salmo iridetts 7wa«ont), which rarely weighs as much as a 
pound and is locally abundant in the streams of the Coast Eangefrom 

^ Puget Sound to southern Oregon; the McCloud Eiver trout {Salmo 

. « irideiis shasta)^ which attains a large size, is abundant in the streams of 

the Sierra Kevada Mountains from Mount Shasta southward, and is the 

rainbow trout which has received most attention from fish-culturists; 

the Kern River trout {Salmo irideus gilherti)^ which attains a weight of 

8 pounds and is found only in Kern River, California; thenoshee or 

nissuee trout {Salmo irideus 8tonei)j which inhabits the Sacramento 

basin and reaches a weight of 12 pounds; the golden trout of Mount 

Whitney {Salmo irideus aqtLa-bonita)^ which inhabits streams on both 

sides of Mount Whitney, California. 
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In the extensive section of the West in which the fi»h aboands its 
name varies in different localities; red sides, mountain treat, brook 
trout, and golden treat, besides raiubow trout, are soino of the popular 
appellations, while in the States east of the Mississippi River it is very 
generally called rainbow trout or California trout. 

TRANSPLANTING. 

The rainbow trout has been successfally transplanted in many of the 
mountain streams in different parts of the ITnited States, where it 
grows and multiplies rapidly, b^ is shown by the many favorable 
reports. The best results, however, seem to have been obtained from 
plants made in streams of Michigan, Missouri, Arkansas, throaghout 
the Alleghany Mountain ranges, and in Colorado, Nevada, and other 
Western States. It was introduced into eastern waters by the United 
States Fish Commission in 1880, but it is ]>08sible that specimens of it, 
or its spawn, had been brought east prior to th ..t time by some of the 
State commissions or by private enterprise. 

It is believed that this species will serve for stocking streams for- 
merly inhabited by the brook trout {Salvelinus fontinalis)^ in which the 
latter no longer thrives, owing to the clearing of the lands at the 
sources of the streams, which has produced changed conditions in and 
along the waters not agreeable to the brook trout's wild nature. The 
rainbow is adapted to warmer and deeper waters, and is therefore 
suited to many of the now depleted streams which tiow from the moun- 
tains through the cultivated lands of the valleys. 

Rainbow trout dift'er widely from brook trout and other i)uguacioas 
fishes, in that they feed principally upon worms, larvie, Crustacea, and 
the like, and do not take readily to minnows as food. They should be 
planted in spring or early summer, when their natural food is abundant, 
as they will then grow more rapidly and become ac^customed to life in 
the stream, and when worms, larvae, etc., are no longer to be found, 
their experience and size will enable them to take a minnow or any- 
thing that may present itself in the shape of food. 

Fry should not be planted in open waters until they are several 
months old, and then not until the temperature of the streams begins 
to rise; but fish hatched in December and January can safely be planted 
in April and May. 

SIZE AND GROWTH. 

The size of the rainbow trout depends upon its surroundings, the 
volume and temperature of the water, and the amount of food it con- 
tains. The average weight of those cauglit from streams in the East is 
probably less than a pound, but some weighing 6J pounds have been 
taken. In the Ozark region of Missouri they are caught weighing 5 to 
10 pounds. In some of the cold mountain streams of Colorado their 
average weight is not more than 6 or 8 ounces, but in lakes in the 
same State, where the water becomes moderately warm in summer 
and food is plentiful, they reach 12 or 13 pounds, fish of this size being 
firom 25 to 28 inches long. In the Au Sable Eiver, in Michigan, they 
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A goard-rack made of thin, narrow slats is arranged on an incline of 
abobt 450, as shown at O. If the water is to be used again in ponds 
below, a receiver is bnilt nnderneath the bottom of the pond at the 
lower end, between the foot of the guard-rack and the dam-boards, 
and the floor of the pond immediately over the receiver is cut away and 
fitted with a grating. This allows matter to fall through the receiver 
and from there it is washed through the sluiceway, which taps the 
receiver by drawing the gate shown at D. The sluiceway, E, is 
covered and leads off to a general waste-ditch. 

The pond is provided with a spawning-race about a foot deep, 4 feet 
wide, and 25 feet long, placed at the upper end of the pond, as shown 
at II. Three division boards (shown at F), about 12 feet long and of 
suitable width to come within I or 2 inches of the surface of the water 
when the pond is filled, are firmly fixed at the bottom. The object of 
these boards is to form four avenues leading to the raceway, so that 
one or two pugnacious fish can not command the approach and keep 
back spawning fish inclined to enter. There is a dam across the race- 
way about 4 inches high (shown at (i) for the purpose of bringing the 
water to that depth in the lower end, so that when the trout enter they 
will find* sufticient water in which to swim freely, and not be inclined 
through fear to return to the i)ond. 

The water in the pond is of sufficient depth to bring its surface 
within 6 inches of the top of the dam in the raceway, which will giy^ 
the fish, in entering the raceway, a jump of 7 inches, allowing 1 inch 
for the depth of water on the dam in the raceway. This distance has 
been found more satisfactory than any other, and spawning fiah alone 
will go up. If a jump of less than 7 inches is given, other fish can 
enter the raceway without much exertion, and will ascend and disturb 
the breeding fish, which, when spawning, should be kept strictly by 
themselves. 

There is no rule regarding the supi>ly of water that applies to a 
spawning-pond at all times and in all places. It is necessarily gov- 
erned by the temperature of the water, size and shape of the pond, 
size of the fish to be supported, the amount of shade, etc. For a 
pond such as has been described, where water is plentiful, at least 200 
gallons per minute should be provided, with not less than 75 gallons 
per minute as a minimum, even where the temperature is from 50 to 
55 degrees and all other conditions are favorable. While the former 
amount is not absolutely necessary for the support of the fish, it 
insures the pond being kept clean and the fish are more inclined to 
enter the raceway at spawning time. In order to maintain an even 
temperature in the pond the earth is banked against the sides and 
ends, covering the framework shown on plate 21, and the embankments 
are made broad enough on top to admit of a good footway around the 
ponds. 

Such a pond as this can accommodate from 1,000 to 1,500 breeding 
fish. Fish must not be overcrowded, and in estimating the capacity of 
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a poud several modifying couditions must be considered, such as the 
size of the fish, water supply, temperature, and shade, lu stocking the 
spawning-pond a good proportion is two females to one male. The 
breeding stock is selected carefully every year; only sound and perfect 
fish ag^ retained for the next season, and the blind and emaciated 
fish qf both sexes are destroyed. 

TAKING THE SPAWN. 

The spawning season varies with the locality and the temperature of 
the water. It is usually two to four weeks later in the streams than 
where the fish are kept confined in spring water. In the ponds at 
Wytheville the spawning fish may be found any time after the 1st of 
November; the season is well started by November 15, and generally 
closes about the 1st of March. December and January are the best 
months. In California the season extends from the 1st of February to 
May, and in Colorado begins early in May and continues until July. 

The. natural nests of these fish are made on gravelly bottoms, and 
are round or elongated depressions about the size of a dinner plate. 
After the eggs have been deposited and fertilized they drop between 
the pebbles of the nest, where they lie protected until hatched. 

Where spawning-ponds are provided with suitable raceways the fish 
will ascend from the ponds into them, seeking a place to make their 
nests, and may then be taken out and stripped of their spawn. To take 
the fish from the raceway, a square net (1, plate 21) is dropped in on 
' the cleats nailed against the side walls in the approach, shown at J, the 
dam in the mouth of the raceway is raised, and the fish driven back 
into the net. The net is then lifted out of the water, and if it contains 
too many fish to handle conveniently a landing-net is used to tiike out 
part of them before the sqdare net is moved. The ripe fish are then 
placed in tubs or other vessels provided for the purpose. If too many 
fish are put in the tub at one time they become restless and sick before 
they can be stripped of their spawn. 

There are two methods of, taking and impregnating the spawn of 
fishes, the '^wet" and the "dry" methods. By the "wet" method the 
eggs are taken in a pan (containing sufficient water to cover them and 
allow them to mix freely with the milt, which is immediately added. 
After the contents of the pan have been stirred for a few seconds with 
a feather, the eggs are set aside and left undisturbed during fertiliza- 
tion. The "dry" or " Russian" method is nowifi general use; the^ggs 
and milt are taken in a moist pan and it makes little difference which 
is taken first, but one should immediately follow the other, and the 
contents of the pan be thorougihly mixed. 

After the eggs and milt have had time for contact, and before the 
eggs begin to adhere to the bottom of the pan, water is added to 
the depth of about an inch, the eggs being kept in gentle motion, by 
turning the pan, to prevent adhesion. After 2 or 3 minutes the milt 
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* is poared ofi' and clear water is put in the pan, in which the eggs are 
allowed to remain until they separate, which will be in from 15 to 4a 
minutes, depending on the temperature of the watter. It is preferable 
to take the eggs to the hatchery before the milt and water are poured 
off, and there rinse them off and place tliein directly on the hashing- 
trays (previously arranged in the troughs) and then allow them to 
separate. In freezing weather it is advisable to strip the eggs in water 
or to use two pans, one set in the other, with water in the bottom pan 
to prevent the eggs from being chilled. 

In taking spawn the manipulation of the fish without injury is a very 
delicate and exacting task, full knowledge of which can only be 
^ acquired by experience, as it is difficult to squeeze the spawn from the 
fish without injuring or even killing it. In taking hold of the fish in 
the spawning-tub the operator catches it by the head with the right 
hand, the back of the hand being up, and at the same time slips the 
left hand under the fish and gravsps it near the tail, between the anal 
and caudal fins. A fish caught in this way can be easily turned over 
as it is brought out of the water, so that its abdomen is up and in the 
proper position for spawning by the time the spawning-pan is reached. 
If the fish struggles it must be held firmly, but gently, until it becomes 
quiet, and when held in the right position it will struggle only for a 
moment. A large fish may be held with its head under the right arm. 

When the struggle is over the right hand is passed down the abdo- 
men of the fish until a point midway between the i)ectoral and ventral 
fins is reached, then with the thumb and index finger the abdomen is 
pressed gently, and at the same time the hand is slipped toward the 
vent. If the eggs are ready to be taken tl^ey will come freely and 
easily, and if they do not, the fish is put back in the pond until ready to 
spawn. If the eggs come freely from the first pressure the operation 
is repeated, beginning at or near the ventral fin. 

After the first pressure nas been given, by holding the head of the 
fish higher than the tail, all of the eggs that have fallen from the 
ovaries and are ready to be expressed will fall into the abdomen, near 
the vent, so that it will not be necessary to press the fish again over 
its vital parts, the eggs having left that portion of the body. All of 
the eggs that have fallen into the abdomen below the ventral fin can 
be easily ejected without danger of injury to the fish, caused by unnec- 
essary pressure over its important organs after the eggs have left that 
part of the body. If these directions are judiciously and carefully fol- 
lowed but little, if any, damage will result; and, as an illustration, it 
may be mentioned that fish have been kept for 14 years and their full 
quota of eg^'s extracted each season during the egg-producing term, 
which is normally from 10 to 12 years. The male fish is to be treated 
very much in the same manner as the female, except the milt must not 
be forced out, only that which comes freely being taken. 

After stripping, the fish are not returned to the spawning pond, but 
spent females are placed in one pond and the males in another. The 
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mules are very pugnacious at this season, and sometimes fii^^ht for an 
hour or more at a time, until they are entirely exhausfed; they run at 
each other with open mouths, lock their jaws together, and in that 
position sink to the bottom of the pond, where they lie for a short time, 
each holding the other in his grasp until rested, when they rise and 
resume the combat. As their teeth are abnormally long, they scar 
each other and even bite pieces of skin and flesh from the sides of their 
antagonists. 

The males are good breeders at two years old, but very few females 
produce (»ggs until the third season, when they are from 30 to 36 months 
old. At Wytheville hatchery about 1 per cent of the females spawn at 
2 years of age; about 50 per cent at 3 years, and about 85 percent 
each season after that. About 15 per cent of the fully matured females 
are barren each season. It was at one time thought that the same 
individuals were barren each year, but experience has shown that 
such is not the case, as flsh which were barren one season have been 
held over, in a separate pond, until the following year, when a large 
portion, if not all, produced eggA, This sterility may be the result of 
injuries which were received the previous season, during the progress 
of spawniug. < 

EGGS. 

The number of eggs produced in a single season depends upon the 
size and age of the lish. The maximum from one 3 years old, weighing 
.J to 1 J pounds, is from 500 to 800; from one 6 years old, weighing 2 to 4 
pounds, it is 2,500 to 3,000. The eggs vary in size from 4i to 5 eggs to 
the linear inch, and are of a rich cream color when first taken, changing 
to a pink or flesh color before hatching. 

THE HATCHING-TBOUGHS AND TBAYS. 

The eggs are incubated on trays i)laced in troughs of various sizes and 
shapes, which at Wytheville are set in pairs, as shown on page 68. 
They are made of the best pine lumber, dressed to IJ inches thick, and 
are 15 feet long, 14 inches wide, and 8 inches deep. Fourteen inches 
from the lower end inside is a guard-screen of perforated tin or wire 
mesh, fastened on a frame exactly fitted across the trough. Tin with 
perforations of -^ inch for very young fry, and larger ones as the fish 
grow, is preferable to wire. The screen is arranged to slide vertically 
between beveled cleats, that it may be kept clean easier. A plain 
board, 3J inches wide, is placed 4 or 5 inches from the lower end of the 
trough to serve as a dam. 

In the upper end of the trough horizontal screens (B, page 68), made 
of perforated tin, are used. These are so constructed that they can be 
slipped forward or raised up (as shown in the illustration) in feeding 
the fry or cleaning the troughs, and the water falling on a small wooden 
block in the center of the screen is thoroughly aerated before entering 
the trough. This arrangement possesses many advantages over the old 
method, where the screens were vertical, or nearly so, as it permits the 
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fish to ascend to tbe lieiul of the trough nad receire tbe water as it falls 
from tbe screen, which is very beneficial. Its UBeuot only keeps the fiy 
clean even in mnddy water, but also reduces the loss of try from saffo- 
catiou in tlic early stages, cniiaed by tlieir banking an>and the vertical 
screens, and obviates thenece'^sity for trougli covers to prevent jtunping, 
88 trout rarely jump where tbe borizoutal screen has been adopted. 




H. iioriML..- _„ 

C, UulcblDB-lrny. 

I.. Po.LUun«ri„il.l,iug.l,n«. 

K, Tin tray for n-i- in kiikI.Iv wbIw. 

r. ItlwkrorHoUrMfBlliiii. 



Hatching- triiy 8 (O), miide about twice jib long as wide, i. e., 28 by 
i;}^, are convenient to liandle and ad^inst in the troughs. The sides 
of the frame are made of gotnl pine hunber, dresspxl, 1 ineb square; 
the ends are dressed h by 1 inch, and iire cut into the sides to form a 
smooth surface on the bottom for tlie wire filling. The wire used on 
the trays is ivoven with 8 threjids to the inch, with a mesh J inch loDf;, 
and sliould be well galvanized after it is woven, in order to prevent 
mstiiig at till- laps. 
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Pour hatcliing-trays are placed in each trough and are secured by 
keys or wedges, and should be from 1 to 2 inches lower at the end next 
to the head of the trough, as shown at D, D, D, D, page 68. If placed 
in this way, each tray will hold from 12,000 to 15,000 eggs with safety. 
Muddy water during the hatching season necessitates the use of a tin 
tray with a perforated bottom (shown at E, page 68), which is 13f inches 
wide and 32 inches long. This sets inside of the hatching-troagh on 
feet raising it an inch above the bottom of the trough. The hatching- 
tray containing the eggs is placed inside and rests on the brackets 
shown at G. The fish, as they hatch out, fall from the hatching-tray 
upon the perforated bottom of the tin tray, and by their movements 
work the sediment through, leaving them on a clean bottom and in no 
danger of being smothered. The tin trays are also useful in counting 
fish, or in holding small lots of fish of different species in the same 
trough. Where supplementary trays are not used, the fry fall directly 
into the troughs. 

Troughs 15 feet long will admit of four hatching- trays in a single 
row, each of which will safely carry 12,500 eggs, making 50,000 to a 
trough; this is enough to work easily, but if it is necessary to make 
more room a double row of trays .may be put in, one tray resting on 
the top of the other. Thus the trough could contain 100,000 eggs as 
its full capacity. The troughs will carry this number up to the time 
of hatching by placing the trays lower at one end than the other, as 
previously described. 

When the hatching stage arrives, two trays of 12,500 eggs each are 
as many as should be left in one trough ; with this number, by using the 
horizontal sliding-screen in the upper end, there is but little danger of 
the alevins congregating and smothering in any part of the trough. If 
It is necessary to hatch a much larger number than this in one trough, 
the sliding-screen is so arranged that the water falls well up against 
the end of the trough. This is done by raising the screen and turning 
it back against the reservoir, or by putting in a wedge shaped block for 
the water to fall upon, turning the thin side of the block toward the 
upi)er end of the trough. Fifty thousand trout have been hatched in 
one trough prepared in this way without loss from suffocation, but it is 
not advisable to hatch such a large number together. 

The amount of water necessary for hatching and rearing depends 
upon the temi)erature and the manner in which the water is applied. 
The water should receive as much aeration as possible before entering 
the compartments containing the fish and eggs. At Wy theville, where 
there is an even temperature of water of 53^ in the hatchery, about the 
following quantities are used in the troughs containing fish and eggs: 

100,000 eggs during incabation, 12| gallons per minute. 
100,000 fish hatching to time of feeding, 80 gallons per minute. 
100,000 fish from 1 1#4 months old, 50 gallons ])er minute. 
100,000 tisli 4 to 6 months old, 100 gallons per minute. 
100,000 fish from 6 to 12 months old, 200 gallons x)er minute. 
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These amounts are ample, and probably even lialf would suffice if it 
were necessary to economize in the use of water. In rearing-ponds 
more water is required, as the circulation is not so good and the out- 
door exposure causes the temperature to rise. If water is plentiful, 
double the amounts stated would be advisable for pond-culture. 

During the Last two seasons at Wytheville 80 to 85 per cent of the 
eggs taken produced fish, of which about. 70 per cent were raised to 
three months old and 65 per cent to yearling fish. The loss in eggs 
was almost entirely due to failure in impregnation, very few being lost 
from other causes. 

CARE OF EGGS AND FRY. 

After the eggs are placed on the trays, the only attention necessary 
until the hatching begins is to keep them clean; the dead eggs, which 
may be known by their turning white, must be picked out at least once 
each day. After the eye-spot can be plainly seen it is well to run a 
feather through the eggs for the purpose of changing their position 
on the trays, and to disclose any foreign matter or dead eggs that 
may be hidden underneath. The greatest care should be exercised in 
handling the eggs at any time, ])articularly from the first or second day 
after collection up to the appearance of the eye-spot, and then only wheu 
absolutely necessary. During this period, the eggs are very delicate, 
and even passing a feather among them may cause a heavy loss. 

The time required for hatching depends mainly upon the temi)erature 
of the water. Rainbow trout eggs will hatch in water at 60^ in from 42 
to 45 days, each degree colder taking 5 days longer, and each degree 
warmer 5 days less; the difference increases as the temperature falls 
and diminishes as it rises. 

After the fry hatch they require but little attention until the umbil- 
ical sac is absorbed and the time for feeding arrives. They are exam- 
ined each day, and the dead fish and decayed matter removed from 
the troughs, which are kept perfectly clean, and if possible provided 
with a thin layer of coarse white sand on the bottom, to keep the fish 
in healthy condition. As the fish grow they should be thinned out in 
the troughs, from time to time, as their size may require. When they 
first begin to feed, 12,000 to 15,000 fish to the trough are not too many; 
but by the time they get to be 1 J to 1^ inches long they must be divided 
into lots of 8,000 to 10,000 to each trough ; while with fish averaging 3 
inches in length, 3,000 to 4,000 are as many as one trough will accom- 
modate. It is advisable to give as much room as is practicable. 

BEARINO-PONDS. 

Ponds for rearing trout are from 8 to 12 feet wide, and of any desired 
length up to 60 feet, which, for convenience in drawing them off and 
in feeding the fish, is about the extreme liliiit. The size, shape, and 
arrangement of the ponds must depend upon the ground on which 
they are to be constructed. If practicable, it is best to build them on a 
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hillside, one above the other, with earth and piling embankments on 
the lower sides and at the ends. A pond of this^kind is shown in 
plate 23, and is the one here described. Various materials may be used 
for damming the water. The embankments may be made altogether 
of earth or lined with stone, brick, cement, or timber, according to 
circumstances. Where the ground is of a porous or loose formation it 
is necessary to use piling or cement for the inside of the embankments 
and possibly cement for the bottoms, but earth bottoms are best where 
the nature of the ground permits. The water enters the pond at one 
end and discharges from the lowest opposite corner. The bottom is 
graded as shown in the cross-section, plate 23, with a slope toward the 
outlet, so that when all the water is drawn out the fish are led into the 
receiving- trough (C), the top of which is flush with the earth bottom in 
that part of the pond. 

The outlet for the water is an L-shaped pipe, shown at F, and is 
placed in the corner of the pond, the long end passing through the 
piling and underneath the i)ond embankment; the short end, called 
the standpipe, stands close to the inside corner of the pond, in an 
upright position. The standpipe has two or more holes cut through 
(G) on the side next to the receiving-trough, to let the water pass out 
in drawing down the pond. The size of these holes is in proportion to 
the size of the standpipe, which, in turn, is governed by the size of the 
pond. The holes may have blocks of suitable size tacked over them to 
allow the pond to fill with water, or, what is more convenient, covered 
with blocks arranged to slip down in grooves, one block resting on the 
other. Surrounding the standpipe is a crib, the front of which is 15 
inches or more from the pipe and contains an opening for a guard- 
screen, which is 14 to 16 inches wide and made with copper or galva> 
nized wire cloth, the size of the mesh depending on the size of the fish 
in the pond. In the bottom of the pond is a receiving-trough (C) for the 
fish, built in proportion to the size of the pond; 10 feet long, 16 inches 
wide, and 6 inches deep is a satisfactory size for a pond like the one 
described. This trough extends to and connects with the standpipe, 
and the guard-screen is arranged to fit down on the inside. Every 
part is made secure, to prevent fish from escaping when drawing oflf the 
water. The supply- trough or pipe is arranged to keep the fish from 
jnmx^ing into it from the pond, as shown at A. 

STOCKING THE BEABINO-PONDS. 

The rearing-ponds at Wytheville are stocked gradually, 500 to 1,000 
fish being placed in the pond and trained to take food before more are 
added, as that number can generally find enough natural food to sub- 
sist upon until they learn to take artificial food. When they have been 
accustomed to hand-feeding another 1,000 fish are added, and in about 
ten days 2,000 more, this practice being continued until the pond is 
stocked with the desired number. When fish are first released in ponds 
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they are wild and mn away from the food given them ; hence the neces 
sity of teaching a few fish to eat before more are added. The number 
of fish that a pond of a given size can support depends upon the amount 
of water and shade and the temperature of the former. Ten thousand 
fish are ample for a pond 10 by 50 feet, with water deepening from 3 
inches to 3 feet. 

FOOD FOR FRY. 

Beef or sheep liver, ground or chopped to a pulp, seems to be the 
most satisfactory artificial food for young trout. Fresh, hard-boiled 
eggs, grated fine, are good, but expensive. Efforts have been made to 
produce a natural or living food, such as insect larvsB and small crus- 
taceans, and this may yet be accomplished for late spring and summer 
feeding, but for feeding the fry during the first three or four months of 
their lives, which is in' the winter season, there is nothing better than 
liver. Shad and herring roe, put up in sealed tin cans, have been used 
to a limited extent with satisfactory results, and it is believed that they 
will furnish a wholesome and natural diet. 

The manner of feeding young fry is very important, as the losses from 
improper feeding are greater than from all other causes combined. If 
there is undue haste the water becomes polluted, or the food is so 
distributed that some fish are prevented from getting their proper share. 
Polluted water is very injurious to the young fish, being apt to produce 
infiammation of the gills and a slimy, itching condition of the skin, 
which often causes heavy mortality. 

The fry are ready to take food as soon as the sac is absorbed, the 
time required for this depending upon the growth of the fish, which is 
governed by the temperature of the water. Where the temperature is 
regular at 53° they will take food in about 30 days after hatching, and 
the time to commence feeding may be closely determined by watching 
the movements of the fish. Before the sac is entirely absorbed they 
will begin to break up the school on the bottom of the trough and 
scatter through the water, rising higher and higher from the bottom 
each day, until they can balance themselves gracefully in a horizontal 
position, all heading against the current and swimming well up in the 
water. By dropping some small bits of cork or the nap from red flannel 
on the surface of the water it can be determined if they are -ready for 
food; if they strike at the pieces as the current carries them down it 
is evident they are hungry. 

The liver is prepared by chopping it very fine and, if necessary, 
mixing it with water, in order that it may be distributed evenly. It 
should be given to the fish by dipping a feather into the liver and 
gently skimming it over the surface of the water. After the fish grow 
to be 1 J to IJ inches long they begin to take up the food that settles 
on the bottom of the trough; it is then not necessary to mix the food 
with water, and it can be p^iven by hand. Tlie young fry are fed five 
or six times a day and the food given slowly and sparingly. After they 
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learn to take their food from the bottom of the trough it is necessary 
to feed them only three times daily, but more food must be given at 
each meal. 

FOOD OF ADULT FISH AND YEARLINaS. 

In domestication the rainbow trout is preferably fed upon a meat 
diet altogether, if it can be had plentifully and suf&ciently cheap; 
otherwise a mixture of liver and mush may be used advantageously. 
The mush is made by stirring wheat shorts or middlings in boiling 
water until the mixture becomes thick; it will keep for several days, 
even in warm weather, if put in a cool place. The liver is ground 
or chopped fine and mixed thoroughly with the mush in any desired 
proportion up to four-fifths of the whole, but it is better to mix 
only as needed. This mixture has been used satisfactorily for many 
years. 

A meat-chopper may be obtained for grinding liver which will do the 
work in an excellent manner, leaving no strings or gristly chunks to 
choke the fish. There are several sizes of the machine made, with extra 
perforated plates having different-sized holes, from one-twelfth to one- 
fourth of an inch in diameter, so that the meat may be prepared coarse 
or fine, to suit the size of the fish to be fed.* For small fry it is neces- 
sary to use the plate having the smallest holes and to grind the food 
over several times until fine enough to use. 

The practice of throwing food into the pond in handfuls causes the 
fish to come together in great numbers and in a violent manner; and 
struggling with open mouths to get a bite of the food, they often hurt 
each other, injure one another's eyes, sometimes even plucking them 
from the sockets. This is probably one of the main causes of blindness 
among pond-fed fish. 

The most approved method of feeding is to walk along the pond its 
entire length to the upper end (the fish will soon learn to follow to that 
point), then scatter a handful of food along the surface of the pond so 
that it will fall to pieces. The fish follow and take up what has been 
thrown out and then return to watch for the next handful, and the 
operation is repeated until sufficient food is given. This manner of 
feeding induces all the fish to head in the same direction while eating, 
thus reducing the danger of injury. 

The amount of food for a given number of trout depends upon the 
size of the fish and the temperature of the water, as fish will not take 
food as freely in water of a low temperature as in warmer water. With 
water from 50° to 60^ a daily ration for 1,000 yearling fish ranging 
from 3 to 5 inches in length is about J of a poi:^nd; while for the same 
number, 8 to 12 inches long, about 12 pounds per day are required. 

As the fish increase in size the amount of food should be increased 
proportionately. They are fed twice a day at regular hours, morning 
and eveniTig, giving half of the daily allowance each time. This keeps 
them in a thrifty and growing condition. 
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Ctoss-section tbrongb Box after it baa baeo packed and cloHed. 
PACKING EGGS FOR SHIPMENT. 

In pocking troat eggs for shipment they are usnally placed on trays 
and iKickwl in wet moss and the eggs divided into from live to ten equal 
parts, according to the size of the sliipment, using trays of suitable 
size to hold each part. IC 30,000 eggs are to be shipped, ten trays are 
used large enougli to contain 3,000 eggs each; it' 15,000 eggs, ten trays 




A. Egg-tray, B. Ponndati on- board. 

containing 1,500 eggs each; 10,000 eggs, eight trays of l,2rt0each, etc., 
and if over 3»,0(H> pggs are to be shipped the shipment is made iu 
more than one lot. In a package of more than ten trays, es])eci.illy if 
the trays are large, the eggs on the lower trays are liable to be crashed 
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C. Ice- hopper. 



by the weight above, and if less than five trays are used in a shipment 
the package is liable to become dry, and the eggs reach their destina- 
tion either dead or in a shriveled condition. 

The frames of the trays are made, of light, soft wood dressed to f by 
2 of an inch, with a soft canton-iiannel bottom tightly stretched and 
well tacked on . Tlie trays 
are made large enough to 
contain their proportion 
of the eggs, with an allow- 
ance of f of an inch be- 
tween the eggs and the 
frame of the tray. A foun- 
dation-board (B) is made 
with the same outside di- 
mensions as the tray, with 
a strip nailed around the 
edge on the upper side to 
form a cushion of moss 
for the bottom tray. A 
hopper for ice (C) is used 
on the top tray. The out- 
side case (E) is made 7 to 
8 inches larger on the 
sides (i nside measure) 
and 5 inches deeper than 
the outside dimensions of 
all the trays after they 
are cleated together, in- 
cluding the hoi)per and 
the foundation-board, as 
shown at D. 

The trays having been 
prepared, the eggs are se- 
lected, those being taken 
which show eye-spots and 
are not too old to reach 
their destination before 
the time for hatching. 
Allowance is made for 
changes in temperature 
on the road which would 
cause them to hatch too 
soon. 

The eggs are taken from the hatching-trays in pans, well cleaned of 
all sediment, and given a slight concussion by allowing water to fall on 
them from a small spout or sprinkling pot, which causes the dead and 
unfertilized eggs to turn white, when they are carefully removed. The 




^- Egg-trays packed and cleated. 
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eggs are then accurately weighed or measured (1 ounce may be weighed 
and counted, or the eggs for one tray counted and then weighed) and 
the required number placed in a single layer in the middle of the tray, 
leaving an empty space all round next to the frame. 

The trays are then placed one above the other on the foundation- 
board, after each is covered with a piece of mosquito netting, which 
should be at least 2 inches larger each way than the tray, and the 




E. Oatside case. 



tray is Mled with wet moss, the part immediately over the eggs in a 
loose manner, the empty space around the eggs packed tight. This 
gives support to the next tray above and prevents the eggs from com- 
ing in contact with the wood and becoming dry and shriveled. 

After all the trays are thus arranged the hopper is placed on top and 
the whole cleated together, as shown at D. They are then ready to be 
placed in the box or outside case (E). Dry sphagnum moss is placed 
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in tbe bottom of the box to a depth of aboat 3 inches and the crate 
of trays placed as near the center of the box as possible. The sides 
are well packed to hold it firmly in position, and when the top of the 
hopper is reached with the packing it is well filled with ice, the remain- 
ing space in the box being filled with moss. Wet moss or wet packing 
of any kind should never be used for the cushion around the egg-crate, 
as it does not preserve an even temperature and is liable to freeze solid 
if exposed to a low temperature in transit. A cross-section of the 
box thus packed is shown on page 74. 

The box containing the eggs should be provided with handles to 
fiicilitate moving during transportation, in order that the liability to 
injury from jarring or concussion may be reduced. For a long journey 
the lid of the box is provided with hinges and hasp and staple, so that 
the ice may be easily renewed. Eggs packed as described above have 
been shipped with safety to all parts of the United States and to for- 
eign countries. 

DISEASES OF FRY AND ADT7LTS. 

The most common diseases of trout fry are the inflammation of their 
gills and a slimy skin disease, which may be caused by impure water; 
the food itself may produce it, especially if stale liver is used, but it 
generally follows fouling of the water while feeding. By watching 
the movements of the fish, the symptoms of disease can generally be 
detected before it reaches an alarming stage. If the gills are affected 
the fish will usually swim high in the water in an uneasy, restless man- 
ner, as if gasping for breath, and when this is observed the gills must 
be examined to see if they are becoming inflamed and swollen. If a 
skin disease is attacking the fish, they generally indicate it by rubbing 
themselves on the bottom of the trough or against anything that may 
be convenient, or by diving down and giving themselves a quick, twist- 
ing motion against the bottom of the trough. If the progress of dis- 
ease is not promptly checked, it will soon reach a stage where nothing 
can be done, and the fish grow weaker every day until they begin to 
die in alarming numbers. One of the best remedies for both diseases 
is salt sprinkled through the water after the ponds are drawn low, and 
for a bad'case of skin disease a half pint of salt for every gallon of water 
in the trough is used, or about that proportion. The fish should be 
watched closely and allowed to remain in the salt water until they 
become restless and begin to turn on their sides. Then, as fresh water 
is turned on and the trough fills, a slime will arise and float on top of 
the water, like a white scum. Coarse sand should be kept in the trough 
for the fish to rub themselves against. Salt is also good for the dis- 
eased gills and will free them from adhering sediment. 

Fungus, "blue swelling," and other diseased conditions sometimes 
occur, but the most serious diseases of the fry are those just described. 
Parasites sometimes attack the fish, but if the water is pure and the 
fish in a healthy condition, they are not troublesome. To keep the fish 
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that are raised in troughs and tanks iu a healthy state, it is well to give 
them a salt bath occasionally, and a small quantity of salt in their food 
will at times do them good. A little sediment from the reservoir, or 
such as collects on stones in the streams, is beneficial to fish if mixed 
with their food. It seems proper that they should have something of 
this nature, since all or nearly all of their natural food contains more 
or less sediment of the kind, 

A very serious disease among adult rainbow trout shows the follow- 
ing symptoms: The afflicted fish refuse to take food, and very dark 
spots, from ^ to 1 inch in diameter, appear on different X)arts of the body, 
varying in number from two or th^e up to twenty or thirty on each 
fish affected, a light spot about the size of a green pea appearing on 
the head immediately over the brain. The fish become restless and 
seek the shallow water in the corners of the pond, liiding among the 
plants, and begin to die within twenty four hours from the time the dis- 
ease is noticeable. They jump and dart around in the water iu a 
frightened manner, settling back on their tails and siuking to the 
bottom of the pond in their last struggles. This disease made its 
appearance at Wytheville in December, 1895; it was first observed 
among a lot of 037 yearling Von Behr or brown trout that had been 
delivered at the station on November 29. The first sign of the disease 
was noted about the 5th of December, and by the 12th of the month 
455 of the 037 fish were dead. 

These fish were in the nursery during the first stages of the dis 
ease. The water in which they were held passed from them through an 
empty pond into a second one containing about 1,000 large rainbow 
trout that had recently been stripped of their spawn. On the morning 
of December 23 the disease made its appearance among the latter, and 
by 4 o'clock in the afternoon of the same day 50 of them had died. 
Salt was applied and the water in the pond was drawn down to about 
300 gallons, and 150 pounds of common salt were sprinkled evenly 
through it. The fish were allowed to remain in this brine about 15 
minutes, when they showed signs of weakening by turning on their 
sides; then freshwater was turned on freely. Good results were at 
once noticeable, the fish became quiet and appeared to rest more easily, 
and steadily improved, another application not being necessary. The 
final result was that 70 per cent of the adult rainbow trout that had 
been treated with salt were saved, while of the yearling brown trout 
that were not thus treated nearly 71 J per cent died. 

Foul ponds cause disease, and if the fish become sick from this reason, 
they must be removed to a clean pond at once and given a salt an d- 
clay bath, which is applied as follows: While the salt bath, before 
described, is being given, 2 or 3 bushels of clay are placed in the 
reservoir or supply-trough, and when the fresh water is turned on after 
salting, the reservoir is flushed for 30 minutes with roily water from the 
clay, and after the latter is washed away an increased amount of fresh 
water is turned on for ten days or more. 
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Adult fish are very liable to be affected with fungus, which generally 
appears after a bniise or hurt, or wlien the fish are in an emaciated 
condition. If tlie trouble results from an injury, it can often be cured 
before it spreads to the sound fiesh, but if fungus spreads like a slimy 
web all over the fish, it is fatal. Fish must be handled very careftilly 
during the spawning season to prevent scarifying the body in any way, 
as they are especially susceptible to fungus at that period. Should it 
occur, the fish must be caught at once, rubbed with salt on the affected 
part, and then released in a pond or tank by itself, where it can be 
caught for further treatment in a day or two, while those affected all 
over the body should be killed and thrown out at once. 

"Glassy eggs" may be the result of overretention of the eggs on the 
part of the jjareiit fish. If the eggs are not delivered within a reason- 
able length of time, say from 36 to 48 hours after they fall from the 
ovaries into the abdomen, they are surrounded with a thin watery fluid, 
having a glassy appearance, which if allowed to come in contact with 
water will change to a milky white, and the eggs absorbing this fluid 
become hard and "glassy," after which fecundation is impossible. 
Many thousand eggs have been lost annually on this account, and many 
brood fish lost or rendered worthless from the same cause. The fish in 
captivity will not spawn of their own accord unless they have access 
to gravel or earth in which to make nests. If attention is not given to 
the spawning fish and their eggs taken when ripe, they soon become 
very dark in color, the abdomen swells, and sometimes the head will 
enlarge, causing the eyes to protrude. Under these conditions the fish 
wiU die in a few days, but with free and easy access to the raceway 
they will not often be thus affected. 
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The brook trout or speckled trout (Salvelinus fontinalis) is on© of the 
most beautiful, active, and widely distributed of the American trouts. 
It prefers clear, cold, rapid streams, and belongs to that group of trout 
known as charrs, characterized by the presence of round crimson spots 
on the sides of the l)ody. Other members of this class are the saibling 
or charr {8. alpinus) of Europe and Greenland; the Sunapee trout {8. 
alpinus aureolun), found in parts of New Hampshire and Maine; the 
blueback trout {8. oquasHa) of the Hangeley Lakes in Maine, and Dolly 
Varden trout, red-spotted trout, or bull trout {8. malma) of the Pacific 
States and Alaska. The lake trout also belongs in this group. 

The general form of the brook trout's body varies considerably, some- 
times being elongated and sometimes rather short, but the usual depth 
is about one-fourth or one-fifth of the length. The head is large and 
blunt, and is contained 4^ times in the body length. The large terminal 
mouth is provided with teeth on the jaws, tongue, and palate bones, and 
also with a small patch on the vomer. The eye is placed high in the head ; 
its diameter is about one-sixth the length of head. The gillrakers on 
the first arch number about 17, of which 11 are on the lower arm. The 
scales are very small and numerous; about 230 are in the lengthwise 
series, and 35 above and 35 below the l[\teral line. The dorsal and 
anal rays are 10 and 9, respectively. The tail is square or slightly 
lunate in the adult, forked in the young. 

There is considerable variation in the color of this trout, dependent 
on local conditions, sex, and age. The head, back, and sides of the body, 
dorsal and caudal fins are of a grayish or greenish color; the back, head, 
dorsal, and base of caudal are mottled with dark green or black. In 
the male there is a reddish band along side of belly. Along the middle 
of the side are numerous round light-red si)ots surrounded by whitish 
or light-brownish circular areas. The lower fins are dusky, with a pale 
or cream -color anterior border bo unded by a black streak; remainder 
of fin often red in breeding males. The brook trout may be distin- 
guished from the other charrs by the dark -brown or black marblings on 
the back and the general absence of spots on the back. 

The parr-marks, which are always present in young trouts and sal- 
mons, are often found in large brook trout, and may even be permanent 
in aquarium or pond specimens and in wild fish with a restrict^id environ- 
ment. These marks, which in the brook trout are about 8 in number, 
are large, dark, vertical blotches or bars extending along the sides. 
Persisting parr-marks are shown in the accompanying colored illustra- 
tion of an artificially hatched and reared brook trout. (See frontispiece.) 
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POOD, SIZE, ETC. 

The brook troat has a voracious appetite and takes advantage of 
every opportunity to satisfy it except in the spawning season, when it 
takes no food at all. It is strictly a carnivorous fish, its food consisting 
chiefly of Crustacea, mollusca, and various forms of insects and worms. 
When pressed with hunger it does not hesitate to devour its own kind. 

The size of these fish varies in different localities, usually in propor- 
tion to the abundance of natural food and to the size of the body of 
water in which they are found. They seldom, however, exceed 2 pounds. 
The Au Sable River trout will rarely run as large as 2^ to 3 x)ounds, but 
in other rivers of Michigan larger examples are occasionally found. In 
southern New York they seldom weigh over 2 pounds, while in the 
Rangeley Lakes, of Maine, they have been caught weighing 10 pounds. 
The rate of growth also varies with the surrounding conditions and is 
more rapid in water of higher temperature and with a plentiful supply 
of food. Under favorable circumstances an average growth for the 
first year is from f to 1 ounce, in two years 8 to 10 ounces, in three years 
about 1 pound. 

While not of any considerable commercial importance, the brook 
trout is highly esteemed as a table delicacy on account of the flavor 
and quality of its flesh, and, as it is very game, it is much sought after 
by sportsmen. Those from clear, swiftly flowing streams do not grow 
so large as those found in quiet and deeper waters, but are superior in 
quality and appearance. 

RANGE, SPAWNING, ETC. 

The natural range of the brook trout in the United States is from 
Maine to Georgia and westward through the Great Lakes region to 
Minnesota, and in Canada from Labrador to the Saskatchewan. Owing 
to its hardy nature and ability to adapt itself to new surroundings, it 
may be successfully transplanted into suitable streams, nnd has been 
extensively introduced into waters to which it was not native, in Mich- 
igan, Wisconsin, and Minnesota, many of the waters of the Rocky 
Mountains and the Pacific Coast, the Eastern States, and the creeks 
and rivers of the Alleghany range of mountains. With the possible 
exceptions of the rainbow trout and steelhead it is the hardiest mem- 
ber of the salmon family and will make a brave struggle for existence 
even with adverse surroundings. All streams can not be successfully 
stocked with this species; the temperature of the water must not bo too 
high nor the flow too sluggish, although an unfavorable temperature is 
no serious obstacle if the speed of the current is great enough to insure 
a sufiftcient aeration of the water, or if there are creeks fed by springs 
flowing into the main stream to which the fish can run. The best 
streams are those with a gravelly bottom, clear shallow water, and a 
steady current, and waters to be stocked must contain a sufficient 
amount of natural food and suitable places for spawning. 

P.M. 6 
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The Michigan streams exemplify the practical results attained in 
the introduction of brook trout in new waters. The Au Sable River 
was long thought to be especially adapted for this species, but it 
abounded with grayling, and until this beautiful fish began to disappear 
no movement was made toward introducing the brook trout. The 
lumber interests of that section made it necessary to use the river for 
conveying logs to various points downstream, and, as the log-driving 
could be done only during the spring freshets, it came just at the time 
when the grayling were on their spawning-beds. They were driven 
away and the beds destroyed by the plowing of logs through the 
river bottom each year, till the fish gradually began to disajjpear. 
The brook trout was suggested as the proper substitute, because its 
spawning season is in the autumn when the river is undisturbed, and 
the Michigan Fish Commission began the work by planting 20,000 fry 
in the year 18S5. Though additional i)lants were made from time to 
time, both by the Michigan and United States Commissions, no results 
were observed for some years, and it was thought that the work had 
been a failure. But the natural instinct of the fish had caused them 
to push from the main river into the small tributaries, where they 
multiplied and grew during these years till they finally crowded down 
into the river itself. Here they found as suitable a home aa in the 
small streams, and their numbers gradually increased till now the 
stream is completely stocked. 

In the autumn of 1895 a camp was established for the United States 
Fish Commission miles below tlie village of Grayling for the purpose 
of taking spawn from wild fish. The work was contined to rod-and-line 
fishing until the s]>awning season opened, when it was found necessary 
to adopt some other plan, as at this time the trout refuse to feed. 
During the five weeks, in which the rod was used exclusively, 3,000 
spawning fish were taken. A small seine was then used for capturing 
the fish, by hauling it at right angles to the current of the river, directly 
across the spawning-beds, which thickly dotted the river bottom in 
some places. By this method a tubful of trout at one haul was often 
taken, and during the period the fish were running between 8,000 
and 10,000 were obtained. This illustrates the abundance in which 
this species is found in a river to which it has been transplanted. A 
conservative estimate would jdace the number of trout taken from 
this stream in the season of 1895 at 100,000, i)erhaps 25 per cent being 
rainbow trout. Other waters of the State have been successfully 
stocked, so that the northern half of lower Michigan now contains a 
network of trout streams, made by introducing this fish into waters 
where it was not indigenous. 

In its native haunts, whether in lake or stream, the brook trout is 
usually found in the same clear, cold, spring water, and i)refers brooks 
or streams flowing swiftly over gravelly bottoms. It pushes from the 
rivers into the small streams, seeking the headwaters, searching out 



MANUAL OF FI8H-CULTUEE. 83 

deep pools and eddies where it can lie concealed beneath the shelter of 
grassy banks or logs, and see without being seen. Under artificial con- 
ditions it endures greater temperature than in its native waters, where 
ft is seldom found in water over 60° to 65°. It thrives at much higher 
temperature in swift, well-aerated streams than in sluggish waters. 

The brook trout spawns in autumn during the falling of the water 
temperature. The season, which usually lasts about two months, begins 
earlier in northern latitudes, in the Lake Superior region in September 
or even August, while in New York, New England, and lower Michigan 
it commences about the middle of October. 

As the spawning time approaches the fish push up toward the shfkl- 
lower waters where the female selects a spot near the bank of the stream 
and prepares her nest by washing out the sand with her tail and pushing 
aside the gravel with her nose. After forming a slightly concave depres- 
sion she deposits a part of her eggs on the newly cleansed gravel, and 
the male — which up to this time has been playfully swimming around 
the nest — emits milt upon them almost simultaneously. The female 
then covers the eggs with loose gravel. The spawning, impregnating, 
and covering are repeated continuously until the eggs are all laid. 
After the spawning-ground is once selected it is hard to drive the fish 
away, the female especially returning to the same spot at the earliest 
opportunity. A female has been taken from her nest and marked and 
then returned to the water a mile down the stream, and the next morn- 
ing was again found on the same bed. 

The eggs vary in size, but are usually one-sixth of an inch in diameter. 
The number yielded by one fish depends on its size and age, yearlings 
usually producing from 150 to 250, two-year-olds 350 to 500, and older 
fish 500 to 2,500. The time necessary for developing the eggs is depend- 
ent on the temperature of the water, varying from about 125 days in 
water at 37^ F. to about 50 days in water at 50^ F. 

TROIIT-CULTUEte IN AMERICA, 

The first attempt at artificial trout-culture in America was made in 
Ohio in 1853 with marked success. Further satisfactory trials were 
made in 1855 and 1859 in Connecticut and New York, and in 1864 a 
hatchery was established in New York which carried on the work on a 
large scale. Somewhat later the work was taken up by the State and 
United States governments and is now very extensively conducted in all 
parts of the country. The methods described in the following pages are 
those which have been found advantageous at the Northville Station 
and are there pursued. 

SPAWN-TAKINa. 

Eggs are obtained from brood-fish held in ponds and from wild fish 
obtained at a field station located on a tributary of the Au Sable 
Biver near its junction with the river. As the spawning season 
approaches, the brood-fish at the station are sorted according to age 
and size and transferred to spawning-ponds, which are seined once a 
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week for ripe fLsh in the early part of the season and later on three 
or fonr times a week. Great care is used in manipalating the seine, 
and when its ends are drawn np on the bank the fish are transferred 
with dip-nets from the bag of the seine into tubs, care being taken not to 
overcrowd the tabs. The fish are then examiued; those which are not 
ready are retnrned to the pond, while the ripe males and females are 
placed in separate tubs or backets. A good spawn-taker can tell at a 
glance if a female is ripe, and only in such condition shoald an attempt 
be made to take her eggs. As soon as these fish have been stripped 
and the eggs fertilized, the spent fish are liberated in a separate pond 
to avoid rehandliug them daring the season. 

After the males and females are separated, an ordinary milk-pan 
coated with asphaltum paint on the inside, to prevent rast, is dipped 
in water and allowed to drain, leaving only the water that clings to the 
inside. Taking a female from the tab, the spawn-taker holds her as 
quietly as possible till Ml straggles cease, and then pressing gently 
with the thumb and forefinger a little above the ventral fins, passes his 
hand down the belly to the oviduct, repeating the operation till all the 
eggs are extruded. The eggs are immediately impregnated with milt, 
obtained from the male in a similar manner, except that more force is 
necessary and the pressure is made at a point about midway between 
the ventral and anal fins. 

The contents of the pan are next lightly stirred with a feather to 
insure impregnation of all the eggs possible. They now present a 
milky appearance and are washed in as many changes of water as is 
necessary to thoroughly cleanse them from milt and refuse, when the 
pan, half-filled with fresh water, is placed in running water to keep 
the eggs at a low temperature. In 30 to 60 minutes, according to the 
temperature of the water, the separation of the eggs ensues. 

THE HATCHING APPARATUS. 

The apparatus at North ville is arranged as follows: A tank 15 feet 
long, with a partition running its entire length, is so placed that its 
lower end rests upon the upper end of a similar one 13 feet long, which 
differs from the upper one only in that it contains two boxes less. Nine 
partitions, placed crosswise of the tank, form, with the lengthwise 
partitions, a double row of eight compartments, each of which is 19J 
inches long and loj inches wide, and is provided with a waste-water 
channel or sluiceway leading into the next compartment. In these 
compartments are placed Clark hatching-boxes. 

The Clark box is IS inches long, 14 inches wide, and 9^ inches deep, 
and is made from J-inch dressed whitewood lumber. On its under side 
the box is provided with feet, 1^ inches square and g inch thick, to allow 
a free circulation of water under it and to prevent it from resting upon 
any sediment or refuse that may be deposited on the bottom of the 
tank ; and on the inside in each bottom corner is fastened a block, § inch 
thick by 1 J inches square, to support the trays. Five circular openings, 
^ inch in diameter, permit the escape of water from the box. A slot is 
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cat in one end of the box so that water from the compartment above 
can not flow into the one below without falling into and passing through 
this box. Upon the feet or risers inside the box rest 9 trays, placed 
one upon the other, the end of the box which contains the slot fitting 
snugly against the upper end of the compartment, in which is fitted a 
tin overflow. The whole is beld in place by a crossbar or binder, which 
fits in f-inch grooves cut in both sides of the tank. The binder, resting 
on the box, keeps it from rising in the water, and is provided with feet 
so placed as to prevent the trays from floating in the box itself. The 
trays are perforated zinc or fine wire netting, tacked on a frame 16 
inches long and 7 inches wide inside measurement, made from f-inch 
pine 1^ inches wide. 

OABB OF THE EOGS. 

The eggs after separating are placed in troughs, the bottoms of which 
are cDvered with half an inch of gravel, and here they remain till the 
eye-spots begin to api^ear.* During this interval of about 30 days the 
principal care consists in sorting out bad eggs, and, with a feather, 
gently changing the position of good ones to prevent sediment from 
collecting on them. At the expiration of this period they are ready for 
transfer to the hatching- boxes. They are drawn ofif the gravel by means 
of a siphon into a tub or bucket which has been half filled with water 
to preserve them from injury and then carefully dipped into a glass 
graduate, measured, and placed on the hatching-trays. The trays are 
arranged in the boxes in stacks of nine, and 5,000 eggs are allowed to 
eacli tray except the top one, which is left empty and serves only as a 
cover. The eggs from domesticated brook trout measure 350 to 450 per 
fluid ounce, depending on the age of the fish. Eggs from wild trout 
collected in the Au Sable River measure 450 to the fluid ounce. 

At intervals of from 3 to 6 days during the period of incubation, in 
order to remove the bad eggs, the trays are taken from the boxes and 
placed in a shallow picking-trough through which a stream of not more 
than ;> gallons per minute is flowing. This trough is only wide enough 
to allow x>erfect freedom in handling the trays when putting them into 
or removing, them from it, and only of sufficient depth to allow the eggs 
to be fairly covered. Nailed to the bottom on each side is a J-inch strip, 
1^ inches wide, and running the entire length of the trough. These 
strips i>ermit the free passage of water beneath the trays, as otherwise 
the water would flow over the tops and a great many eggs would be 
lost. The bad eggs are removed with tweezers, the labor being usually 
performed by girls, who become so expert that one girl will often remove 
100 bad eggs per minute. 

After the incubation has reached a stage where the fish are begin- 
ning to break their shells, the hatching-box is taken out and reversed, 



* The practice of holding the new egjgs on gravel until the eye-spots begin to 
appear is pursued at Northville with eminent success, but at the other trout hatch- 
eries of the Commission, where equaUy good results are obtained, it is customary 
to transfer the eggs to the hatching-trays as soon as they are impregnated, as is 
described in the chapter on the rainbow trout. 
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the open end being fixed snugly against tlie lower wall of the compart- 
ment. The closed end of the box being thus placed upstream, the 
water is prevented from entering except through its former exit, the 
holes in the bottom of the box, and is thus forced up through the box, 
with an exit at the top which ])revents the sacs of the hatching fish 
from being forced, by pressure from above, down through the screen^ 
as would be the case if the box were left in its former position. 

When the process of hatching is nearly completed the trays are 
removed and emptied into a large pan filled with water, where the dead 
shells and other refuse, being of low si^ecific gravity, rise to the top 
and can be easily poured off. This is called washing the fish. The fish 
are then replaced upon the trays and returned to the hatching-boxes, 
where they remain until the food-sac is nearly absorbed, a period of from 
25 to 40 days, according as the temperature varies from 50° to 38o F. 

The young fry, deprived of their food supply by the absorption of 
this sac, must soon be placed where they can get their sustenance else- 
where. They may be planted in waters suitable to their nature, or 
reared for breeding or other purposes at the station. 

THE FIELD STATION. 

The egg-collecting station previously referred to is on a tributary 
of the An Sable, fiowing about 1,000 gallons per minute. A dam is 
thrown across the stream and 100 feet above is a screen to prevent the 
fish from escaping in that direction. The dam is simply constructed 
by banking up mud, sand, and turf, and has a frame sluiceway «) feet 
long, 2 feet wide, and 2 feet deep. In the sluiceway is inserted a 
double screen of ^-incli mesh wire netting, two screens being necessary 
to keep the overflow clear and reduce as low as possible any loss of 
fish through this outlet. The inclosure accommodates about 10,000 
fish. Fish are obtained with rod and line, until they begin to run from 
the deep pools upon the spawning-grounds, when much better results 
are obtained with nets. With an ordinary seine at the approach of 
the spawning season, the fish can be taken in large numbers from their 
spawning-beds. As the season advances and too many fish are caught 
that have already spawned, operations are suspended. 

As soon as rijie fish are found among those caught on the spawning- 
beds, the inclosure is hauled with a seine and the fish are looked over 
twice a week until the eggs are taken. When the season is fairly open 
the spawn may be taken from most of the fish immediately after they are 
caught, thus obviating the difficulty of transferring thein from the point 
of capture to the inclosure, in some cases a distance of 3 or 4 miles. 

For holding the eggs^two pairs of troughs are placed on standards ' 
driven into the bed of the stream, with a passage between them wide 
enough to admit a man. The water is received through two 1-inoh 
orifices in a bulkhead about 9 feet long, situated at the head of these 
troughs and fed by a roughly constructed raceway leading from a small 
spring about 6 rods distant on the hillside. The water from each of the 
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opeiiiugs feeds two troughs, so placed that the lower end of the upper 
one rests apon the head of the other, thus creating a fall of nearly the 
height of the troughs. Each trough is 14 feet long, 5 inches deep, and 
consists of a double row of boxes, each box 17 inches long, 15 inches 
broad, and 2 inches deep, giving a capacity of from 8,000 to 10,000 eggs. 

SHIPPING GREEN EGGS. 

Green eggs can be safely moved at any time up to and including the 
eighth day. They are shipped from the field station to the hatchery 
in cubical boxes constructed from ^-inch pine lumber, just large enough 
to admit, with a surrounding air space of ^-inch, 19 canton-flannel trays, 
18 inches square on the inside, the frames of which are made from 
^-inch square white pine. The eggs are siphoned from the gravel 
boxes, as descr(bed above, and, using a graduated dipper for the pur- 
pose of ascertaining approximately the number of eggs necessary to 
make them about two deep on the tray, the packer pours them upon 
the tlannel and spreads them as evenly as possible with a feather. 
The tray is then placed in the box and the operation repeated until 
eighteen trays are filled with eggs. The nineteenth, or top tray, is 
usually left empty, but if the weather is very warm it is filled with fine 
ice. The cover is then fastened down^ the box marked, and the eggs 
are ready for shipment to the hatchery. 

PLANTING THE PRY. 

In their natural state, as soon as the weight of the food-sac has 
diminished by absorption enough to permit their rising, the fish begin 
to take food, and by the time the sac is entirely gone they are probably 
taking it regularly. When very young fry are transferred to outside 
waters where there is natural food only, it should be done 8 or 10 days 
before the sac is entirely absorbed, for, if delayed till after the sac dis- 
appears, many will die before they become accustomed to finding food 
in their new home. 

Brook-trout fry are usually transported in ordinary round-shouldered 
cans of 10 gallons capacity, the number of fish per can depending 
entirely upon the distance they are to be carried and the facilities for 
taking care of them en route, such as opportunities for changing the 
water, supplying fresh ice, etc. For a short trip of from 6 to 10 hours 
duration, between 4,000 and 5,000 are carried in each can, but where 
they are to be on the road from 1 to 5 days, it is hardly safe to attempt 
carrying more than 2,500. The Commission distributes fry by meauHof 
its cars, built especially for the purpose, in which either running water 
is kept upon them or fresh air introduced into the water to make it life- 
sustaining. Small shipments are made by a special messenger in a 
haggage car, the railway companies usually offering every availaiile 
opportunity for changing water, etc. The fish, upon arrival at the rail- 
way point nearest their destination, are carried thence by wagon to the 
stream where they are to be planted, by distributing them in small lots 
in different places where there is shallow water and a good bottom. 
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REARING AND FEEDING. 

If the fry are to be reared for breeding, one week before the food-sao 
is absorbed they are changed from the trays to a large pan and removed 
to the rearing-troaghs. Gravel should not be used in these troughs, 
as the nnconsnmed food works down into it and, becoming fuugussed 
there, caases a greater spread of disease and increases the labor of 
caring for the fish. 

The time to begin feeding the fry is readily ascertained by trial. If 
they rise to minnte particles of food thrown upon the water, they are 
then ready for regular feeding. The time and frequency of feeding 
young fish, the kind of food, and the manner of feeding them, are of the 
greatest importance. Liver gives better results than any artificial 
food, and its preparation is very simple. Beef livers are ground by a 
meatchopper and then strained through a fine-meshed screen, a thick 
pudding being made by the addition of water. A small x>ortion, only 
such an amount as the fish will readily eat at a time, is spread upon 
the surface of the water with a feather, and they are fed as often as six 
or eight times per day until they become used' to the new diet. As 
they grow older the quantity of food may be increased but the fish are 
fed less frequently. At this stitge the young .fish haVe such a preca- 
rious hold upon life that too much attention can not be given to their 
care. Not more than 20,000 can be held with success in a feeding or 
rearing trough, and a regular stated supply of water is kept flowing 
through to prevent disease, and tlie fish are proi^erly thinned out in 
order to prevent loss by sufibcation when they increase in size. About 
30 gallons of water per minute arc sufficient for 20,000 fry, though this 
quantity is increased as the fish grow stronger and are able to breast a 
heavier current. 

In the spring season, when the water begins to grow warm, the fish 
require more room than the feeding-troughs afford, and it is then nec- 
essary to transfer them to ponds. The Northville rearing- ponds are 
5 feet by 20 feet, made from 2 inch pine boards and provided with a 
gravel bottom. A pond of this size accommodates from 10,000 to 20,000 
fry till the middle of the summer, when the number is reduced to as 
low as 5,000. It is advisable to place not more than 5,000 in tlie pond 
at first to avoid the labor of reducing the number of fish at difi'erent 
times, and also because crowding into too small a space retards their 
growth. 

At first the fish require coaxing to induce them to eat, as tbe change 
to their new abode has frightened them, and a great deal of patience is 
necessary in their treatment. They are fed at regular intervals three 
times per day. As their appetites are poor for the first few days, the 
liver will fall to the bottom and foul the pond, if great care is not exer- 
cised, and three fourths of an hour is not too long for feeding 5,000 fry. 
The time occupied in feeding is diminished and the amount of food 
increased according to the judgment of the fish-culturist; but their 
appetites should never be completely satisfied. 
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By early winter they will have grown to a length of from 3 to 6 inches, 
necessitating a change to a larger pond. The Northville breeding- 
ponds are 20 by 75 feet, and are constructed in the same manner as 
the rearing-ponds. One of these larger ponds accommodates 10,000 
yearlings, 5,000 two-year-olds, and about 3,000 fish from three to five 
years old. By the time the fish are three years old and over, less care 
is required in the preparation of their food, as the liver may be given 
to them in pieces half an inch in diameter. 

PAOKINO EYED EGGS FOB SHIPMEHT. 

Eyed eggs prepared for shipment in the following manner have been 
sent from I^orthville to all parts of the United States with practically 
no loss: The trays upon which the eggs are to be shipped are mflde 
from the same materials as those upon which green eggs are carried, 
but are usually much smaller. Fewer eggs are placed upon a given 
surface than is the case with green eggs. For example, 10 trays, 12 
inches by 12 inches, will carry 50,000 eggs; 8 trays, 10 inches by 10 
inches, 32,000 eggs; and 5 trays, 8 inches by 8 inches, 12,500 eggs; or 
5,000, 4,000, and 2,500 eggs per tray, respectively. 

The trays are allowed to stand in cold water till thoroughly soaked, 
and are then drained off' and taken to the packing-room. After the dead 
eggs have been removed from a box, the trays are taken out, drained, 
and removed to the packing-room. A f inch wooden frame, made to fit 
the inside of the canton-fiannel tray, is then inserted, the eggs are 
carefully brushed with a feather from the wire trays and spread as 
evenly as possible upon the flannel. The eggs have been previously 
ni4'iisured at the time when they were removed from the gravel to the 
hatching-box, so the number to be placed upon each tray can be easily 
determined. After the eggs are spread upon the flannel, the inside 
wooden frame is taken out, leaving a | inch margin around the inside 
of the tray. A square of mosquito netting large enough to lap over on 
all sides of the tray is laid upon the eggs and tucked down firmly along 
the inside. Sphagnum moss is scattered to a depth of about f inch 
upon this netting. The moss is prepared by removing sticks and other 
foreign matter; it is soaked in water a short time and then run through 
a clothes- wringer. In spreading it upon the netting the moss is picked 
apart and made as light and fluffy as possibly, to give the eggs plenty of 
oxygen. 

When the required number of flannel trays are packed they are 
placed one upon another and cleated together on all sides, with boards 
at the bottom and top. This crate is usually placed, if possible, where 
the temperature of the air is below freezing, so that the moss may be 
slightly frosted before the crate is put in the shipping-case. 

A case is made large enough to allow a 4-inch space above, below, 
and around all sides of the crate when it is placed in position. Its 
bottom is filled with fine shavings, 4 inches deep, and the. crate placed 
upon them as nearly as possible in the center of the case. Shavings 
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are packed tightly around the crate, a few being thrown in and x^onnded 
down securely before more are added. This must be well done, as the 
shavings are the only means of preventing a change in the position ot 
the crate. The top of the crate is then covered with closely packed 
shavings and the cover of the case screwed on. By means of rope or 
iron handles the case may now be moved about with ease, and is ready 
for shipment. 

REFRIGERATOR BOX FOR SHIPMENTS ABROAD. 

A double box is used for this purpose. The inside one is 2^ inches 
larger on all sides than the crate of trays, and the outside one large 
enough to make a 5-inch space on all sides when the smaller box 
is placed within it. The trays of eggs are prepared as in ordinary 
shipments, and when crated are placed in the smaller box upon a frame 
which is constructed from a J-iuch strip, 2J inches wide, tacked at right 
angles to the inside and bottom of this box. In the chamber thus 
formed between the crate and the box is packed finely chopped ice, an 
exit for the water resulting from its melting being provided by a half 
dozen openings in the bottom of the box. This box is now packed 
according to the same plan as that followed with the shipments for a 
short distance. Where there is an opportunity, it is well to. have the 
case unpacked en route and new ice added. 

Eggs have been sent in this manner to England, Mexico, New Zea- 
land, Japan, and South America. 
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THE LAKE OR MACKINAW TROUT. 



DESCRIPTION OF THE PISH. 

This handsome species {Cristivomer namaycush), the largest of the 
trouts, is classed with the charrs. It has an elongated body, the length 
being abont 4^ times the depth. The head is large, flat above, and about 
as long as the body is deep. The mouth is large; the maxillary bone 
extends beyond the eye and is half the length of the head; the jaws 
have strong teeth. A peculiarity of the vomerine bone distinguishes 
this fish from the genus Salvelinus ; it has a crest provided with teeth 
(Bxtending backward from the shaft of the bone. On the hyoid bone the 
teeth are in a cardiform band. The eye, placed near the tiOp of the head, 
is contained about 4^ times in length of head. The caudal fin is well 
forked. Both the dorsal and analfinscontain 9 to 11 rays. In the straight 
lateral line there are about 200 scales. Branchiostegals 11 or 12. 

The coloration is quite variable in fish from different localities. The 
general color is usually dark gray. The body, head, and fins are 
covered with small discrete rounded spots, usually of a pale color, but 
often tinged with reddish. On the back and top of head there are fine 
vermiculations, as in the brook trout. Examples from some lakes of 
Maine and eastern Canada are nearly black, and Alaskan examples 
are often very dark; others are quite pale. 

That variety of the lake trout known as the siscowet {Cristivomer 
namayctuth siscowet), found only in deep water in Lake Superior, is 
shorter and paler than the typical fish and has weaker teeth and a shorter 
head ; itis, however, chiefly characterized by an excessive fatness, which 
greatly reduces its food value. 

The present chapter is devoted to trout of the Great Lakes and the 
methods of propagation employed at the station of the United States 
Fish Commission at Northville, Michigan. 

RANGE, FOOD, ETC. 

The lake trout is found throughout the chain of the Great Lakes, and 
the inland lakes of northern New York, New Hampshire, and Maine; 
the headwaters of Cohimbia and Fraser Kivers, streams of Vancouver 
Island, and even waters within the Arctic Circle are said to contain 
this species. With the exception of the whitefishes, it is perhaps the 
most numerous food-fish of the Great Lakes, and formerly none exceeded 
it in weight except the sturgeon. Instances are cited by fishermen and 
others of lake trout weighing as high as 125 pounds, and its average 
weight has been given at from 20 to 30 pounds, but of late they are 
rarely found exceeding 18 or 20 pounds. Possibly, if unmolested by 
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man, they might again reach the enormoas weight of early citations, 
their slaggish movements and voracity being condacive to sach a resolt. 

The nature of their environments has a decided inflnence on the 
characteristics of this species; the temperature of the water, food, and 
character of bottom entirely changing the marking and peculiarities of 
these fish in their various habitats. 

Until recently it was commonly thought that the principal food of the 
lake trout was the young whitefish, and. for this reason the fishermen 
of the lakes were generally unfavorable to its artificial propagation. 
The error of that belief, however, is now generally conceded, though 
no doubt quite a number of young whitefish become food for trout 
during each season. But as the habits of the lake trout take it to 
deep water immediately after spawning, while the young whitefish 
remain in shallows, the few which are destroyed in this manner are 
either stragglers from shoal to deep water or taken by trout aimlessly 
wandering from their natural range. The lake trout is an omnivorous 
feeder and has a ravenous appetite. It greedily devours all fishes 
possessing fins of flexible character, and jackknives, corncobs, and 
other articles equally indigestible have been found in its stomach. 

The spawn and fry of lake trout suffer from the same enemies as the 
young of all fishes, but the mature fish are too formidable for othw 
species to prey upon. They are troubled with a few parasites. Oc- 
casionally individuals, very thin in flesh and sickly-looking, known as 
''racers" by fishermen, are found swimming near the surface; no 
sufficient cause has been discovered for this condition, as they are no 
more afflicted with parasites than healthy fish. 

IMPORTANCE AND ABXTNDAlfOE. 

The trout fisheries of the Oreat Lakes are second in importance 
commercially, the whitefish ranking first. At one time trout were so 
plentiful that they did not command a price at all proportionate to their 
edible qualities, but as the fishing continued the catches decreased, 
until about the year 1886 the market price of trout became equal to 
that of its more delicate rival. At this time it became evident to the 
Federal and State governments, as well as to those dependent upon 
this industry for a livelihood, that decisive steps ought to be taken 
toward providing against the extermination of this valuable food-fish. 
Artificial hatching was commenced that year with the object of restock- 
ing the Great Lakes. The work progressed only in a limited way up 
to 1892, when the output of both the United States and Michigan Fish 
Commissions reached something like its present proportions. During 
the season of 1895 the United States Fish Commission station at 
North ville secured over 11,000,000 lake- trout eggs. As indicative of 
the success attending the plants of lake trout, it may be remarked that 
for a short period during the season of 1896 the fishing-boats, which 
had been working to their fullest capacity, ceased operations, the 
market being glutted and the remuneration not being commensurate 
with the labor, hardship, and capital invested. 
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The method of capture is by gill nets, pound nets, hook and line, 
and in winter by spearing through the ice. The majority, however, 
are taken from gill nets operated by steam tugs. These boats are fitted 
oat with the most approved appliances of their trade and have quar- 
ters on board for the men employed, usually a crew of 8 or 10. Some 
of the tugs carry 5 or 6 miles of nets and catch in one lift from 1,000 
pounds to 4 or 5 tons of trout. Fishing is done from the time the ice 
breaks up in the spring until late in the fall or early winter, the work 
ceasing only when the weather and ice no longer permit operations. 
In some localities the water becomes so warm during summer as to be 
detrimental to the nets, and consequently at such points there is a 
lull in the work for a few weeks. Lake trout spawn on the reefs and 
live in deep water during the remaining time, and their migratory 
habits govern the movements of the tugs, the fishermen necessarily 
.moving from one poiut to another. The small gill-net boats, carrying 
sails and handling a few hundred feet of nets, confine their operations 
t<) more shallow water and fish only during the spawning season. At 
Detour, Lake Huron; at some points in Lake Superior, and on the 
north shore of Lake Michigan pound nets are in use, but usually these 
nets are not used for the capture of lake trout. 

NATUBAL SPAWIVma. 

Spawning commences the last of September in Lake Superior and 
later in the lower lakes, since the water does not become sufiiciently 
cool here as early as in the headwaters. In Lakes Huron and Michi- 
gan the height of the season is in the early part of November, and 
spawning continues to the first of December. The spawning-grounds 
are on the reef^of ^^honeycombed" rocks, 10 to 15 miles from shore, 
and during the reproductive period vast numbers of fish visit these 
places, spawning in a depth of from 1 to 20 fathoms. Owing to the great 
depth of water, the shyness of the fish, and the severity of the weather 
at this time, nothing definite has been determined as to the fish's 
maneuvers while spawning. The supposition is that the female lies 
over an indentation of the rocks and allows her eggs to settle into the 
^^honeycomb" cavities; fragments of the rock with the cavities filled 
with eggs having been hauled in by fishermen when lifting their nets. 
No doubt the general characteristics of the Salmonidce are carried out 
by the lake trout as far as the conditions in which they exist permit. 

An instance has been known of a Mackinaw trout of 24 pounds weight 
containing 14,943 eggs; but not over 5,000 or 6,000 eggs are commonly 
found, and 1,000 eggs to the pound of fish may be accepted as a general 
rule, after the trout have attained maturity, at three years of age. 

A much smaller variety, called the shoal trout, is found in Lake 
Huron in the vicinity of Alpena, and in Lake Michigan near Oharle- 
voix and Iforthport, but its weight compared with its length is greater 
than that of the true Mackinaw trout, and the markings and appearance 
of the two also differ. The shoal trout spawns in September, about a 



94 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 

uionth earlier than the lake trout, on a cobble, bowlder, or gravel 
bottom, and in from 2 to 8 feet of water. 

OBTAIN ING THE EGGS. 

During the spawning season men are employed by the different 
lake-trout hatcheries to accompany the tugs to their fishing grounds 
and strip the ripe fish as they are taken from the nets.. These ^^spawn- 
takers,'' or ^'strippers," must possess strong constitutions to withstand 
the many hardships to which they are subjected* Where very exten- 
sive nets are operated by a boat and fishing is exceptionally good, two 
men are detailed to the same ground, one as spawn-taker, the other as 
helper. Pans, pails, and dippers are taken on board and made ready 
by the time the nets are reached. As the net is lifted the men disen- 
taugle the trout and throw them on deck, where the spawn-takers sort 
them over, takiug the eggs from ripe females and impregnating them 
with milt from the males. During very severe weather the fish are 
thrown into the hold instead of on deck and the work is done there. 

The manner of taking the eggs is similar to that used in taking 
spawn from other trouts and salmon. First, the female is taken and 
the eggs, if mature, are gently stripped into an ordinary milk-pan and 
then impregnated with milt from the male. This operation is repeated 
until the pan is about half filled, when the eggs are << washed up" and 
poured into a 5-gallon pail. The <^ washing-up" process is performed 
by filling the pans with water and then allowing it to run off, repeating 
the same until the water which is poured off no longer appears milky; 
as the specific gravity of the eggs prevents their rising to the surface 
this can be done without loss if ordinary care is exercised. The pans 
are refilled and emptied in the same manner until the pail is half or 
three-fourths full, when it will contain about 75,000 eggs; other pails 
or buckets are brought into use as often as necessary. To keep the 
efifgs from dying, the water is changed in the large i)ails every hour 
until the eggs are taken from the boat and transferred to fiannel trays or 
floating-boxes. All pans, pails, and other metallic apparatus are coated 
with asphaltum paint to prevent rusting, as rust is fatal to the eggs. 

When the weather is so cold that there is any chance of eggs 
freezing to the pan, two pans are sometimes used. The outside one is 
partly filled with water, upon which floats the pan that is to receive 
the eggs as they are stripped. The pan of water protects that part of 
the inside pan where the eggs rest and in that way their temperature 
is kept above the freezing-x)oint. 

SHIPPING EGGS TO THE HATCHERY. 

When spawn-takers are operating at a distance the eggs are held at 
field stations located at convenient points, whence they are sent to the 
hatching-house as soon as possible, but if the stations are at isolated 
points on the lakes it is often necessary to hold the eggs for several 
days, and occasionally weeks, before means of transportation can be 
obtained. In such a case the eggs are held in floating-boxes, which 
are made 2^ feet by li feet by 1 foot, with the ends rounded up about 6 
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iDobes ; tbe sidee aad ends are 1-inch pine and the bottoms ^ inch-mesh 
iron wire cloth, which is continued over the roanded ends. Cleats are 
nailed on the sides, oue end somewhat lover than the other, to give the 
box a tilt irheu placed in water. Each box carries safely abont 180,000 
eggs, and when it ia filled is anchored either in ranning water or in a 
sheltered cove of the lake. In the former case a current of water is 
kept passing throagh the box, while in the latter the eggs are given a 
slight motion by the action of the waves npon the Burfece of the water. 



When eggs held in floating-boxes are to be shipped they are dipped 
into pails and taken to a place arranged for packing them, located 
at tio great distance away, where a table apon which to place the 
trays may be improvised from auy material at hand. 

The trays for packing the eggs are constructed by making a frame of 
j-iuch square pine, 18 inches square, inside measurement, with white 
canton flannel tacked on one side. A case to contain the trays is made 
of g-inch pine, large enough to hold 19 of these trays one over the other, 
allowing for a Bnrrotiuding air-space of half an inch. Half-inch cleats 
are nailed on the bottom and at the comers of the box on the inside, so 
that the trays are securely held in position. A hinged door is at the top, 
handles are at the sides, and the whole is painted and of neat appearance. 

For transferring the eggs from paU to tray a graduated dipper is 
need, which has a capacity of about 10,000 eggs, the number usually 
placed upon each tray. Thus, in a case containing 18 trays 180,000 
eggs maybe stored. Adipperful is placed upon each tray. The canton 
flannel holds water for some time, and if a little is poured upon the 
eggs, which are at first bnnched in the center, they settle and spread, 
and by a sligbt dexteroas movement, acqoiied by practice, are evenly 
divided over the tray. Ten thousand eggs on a surface 18 inches by 18 
inches are about two deep, and if kept at the proper temperature and 
handled carefully they may be carried a long distance. After the eggs 
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are Bpread apon the tray it must be drained before being placed in the 
case, for eggs slightly moistened will live for a longer time in open air 
of the right temperature tban in dead water. The tray is easily 
drained by slightly tipping it, so that the water will run oat at the 
edges where the flannel is tacked on the frame. The trays are then 
placed in the case, eighteen filled, the top one empty. 

If the case is to pass through a varied air temperature, moss is 
packed in the space between tbe trays of eggs and the sides of the 
shipping-case for protection against abrupt changes in the weather. 

When necessary to hold eggs on the trays for any length of time, as 
is often the case, each tray must be taken out and sprinkled with water 
at least every 24 hours. When they are held for a longer period than 
4 or 5 days they must be taken from the tl*ays and placed in a tub of 
water and there washed in the same manner as described in taking 
spawn. When adding water, care is taken that it does not strike the 
eggs with such force as to injure them, the dipper either being held down 
in the eggs or the water i)oured against the side of the tub a little above 
the surface of the spawn, which gives them a steady whirling motion 
and at the same time does them no liyury. 

The manner of transferring eggs irom trays to a tub is very simple. 
After filling the tub with water to about a third of its capacity, the 
tray is placed in water at an angle of about 45^ with its surface. Most 
of the eggs will slide down this incline into tbe tub, and what few 
remain may be washed down by pouring a little water on the uppermost 
side of the tray. After tbe eggs have been given a good washing they 
are replaced on tbe trays and returned to the cases, as described above. 

The eggs are shipped in charge of a messenger, if XK)86ible, to see that 
tbe cases are not roughly handled or tilted and tbe contents jarred or 
bunched while being placed in the baggage car. While on tbe road 
they must be kept in tbe coolest place on the car, providing that the 
temperature is not below 28^ or 30o. 

It can be readily seen tbHt tbe pen^entage of lake-trout eggs hatcbed 
can not be so large as with other species of trout. Tbe rolling and 
pitching of the tugs and other boats upon wbicb tbe spawn-taker is 
operating prevents tbe eggs from separating naturally. Tbe time during 
which this should take place would be, approximately, within the first 
80 minutes after tbey are taken, and as tbe boats are out from to 24 
hours or longer, when shore is reacbed the time is long past when 
quiet is of any value. Besides, tbe temperature often falls far below 
freezing, and all tbe precautions that can be taken will not prevent a 
considerable percentage of tbe eggs becoming chilled, although there 
may be no ill eflPects discovered until after they reach the hatchery. 
Other losses often occur tbrougb accident and the carelessness of those 
handling the cases wbile en route to the hatchery. Taking everything 
into consideration, it may be considered excellent work if an average 
of 70 per cent of eyed eggs and fry is turned out. In exceptional cases 
as high as 90 per cent have been hatched. 
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THE HATCHERY. 



The hatching-trough or tank in use at Korthville combines the prin- 
ciples of both the Clark and the Williamson hatching apparatus and 
is therefore called the Clark-Williamson hatching-box. It possesses 
more advantages than any other in use for the development of a large 
nnmber of eggs; a thorough circulation is obtained for thousands, the 
apparatus is simple, and the eggs may be readily handled for picking, 
cleaning, etc. It consists of a trough of any length according to the 
number of fry to be held, 18f inches wide inside and 1 foot deep, with 
partitions to divide it into compartments, and is constructed as follows: 
Only the best 1^-inch pine is used, all planks containing knots, heavy 
pitch, etc., being rejected, and the sides and ends are each made of but 
one piece of lumber. The bottom is made first, the strips of different 
widths i)lowed and tongued securely, and all joints laid in white lead. 
Keferring to figs. 1 and 3, page 98, three-quarters of an inch down 
from the top of the sides is a f-inch groove (A) running the entire length 
ot the trough. The partitions, dividing the trough into compartments, 
18| inches by 9f inches by 12 inches, are mortised J inch in the sides; 
the first and each alternate partition (B) is fixed ^ inch from the bottom 
of the trough to nllow the water to pass under it; the second and each 
alternate partition (C) is mortised into the bottom, and at the top is cut 
out so as to leave a space 14| inches long by 1^ inches deep for the 
water to pass over. In the bottom of the boxes thus formed a ^ inch 
strip (D) I inch wide is nailed to the sides; upon these the bottom trays 
rest. A crossbar (E), with |-inch block (P) to hold the trays securely 
in place and prevent them from rising in the water, is made to fit in the 
grooves at the sides of the trough. 

The capacity of the troughs may be doubled by the addition of a 
second row of boxes, one side of the first tank acting as a partition 
between the two rows. Each box holds eleven trays (G). Ten of these 
are filled with eggs, the eleventh, or top one, acting merely as a cover 
to prevent the eggs on the tenth tray from being carried off by the 
current. The trays are made of ^-inch mesh galvanized wire cloth, 
tacked upon frames 16 inches long, 7 inches wide, and f inch thick. 
Both the trays and tanks are given three coats of asphaltum paint 
before being used, and one coat at the beginning of each succeeding 
season. Eleven of such trays, in the box described, will fill the com- 
partment to within | inch of the groove in the sides of the tank ; then 
the crossbar with the |-inch feet holds them securely in place. The 
tanks are set upon iron standards cemented in the floor, and are given 
a pitch of i of an inch to the foot. The height of the tank from the 
floor is a matter of convenience to the operator, depending on the fall 
of water available. 

The water enters through a 1-inch pipe at the head of the tank, flow- 
ing: down through the first division, up through the second, and so on 
to ibe lower end. Where water is scarce, two troughs may be made to 

r. M. — 1 
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utilize the same aapply by placing ODe aft«r aootber, the uppra* end of 
the lower trough being firom 8 to 12 inches lower than the overflow of 
the upper trough ; thiu gives a good aeration and will be found to answer 
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Clark-WlUiamson TTOngh. 

nearly as well as though fresh water was condncted to the tank. 
8liouUl the supply be taken from a creek, lake, or other reservoir ox- 
posed to changes of weather and drainage from the surrounding land, 
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or if it aboands with aquatic insects, it is quite essential to have some 
kind of filtration, otherwise the eggs may be injured by animalculse 
or coated with sediment, the trays clogged with refuse, the circulation 
stopped, and in the end a majority of the eggs lost. Many filters 
have been devised, all of which are good, but a simple and effective 
contrivance is made by tacking medium-weight flannel to wooden tray 
frames and placing them at the head of the tank directly beneath the 
head of water, the number used at one point being governed by the 
amount of sediment or other foreign matter present. 

At Northville, as a convenience in cariUf^ for eggs, a shallow "picking- 
trough" is used, 40 feet long, 10 inches wide, and 2^ inches deep, with 
a ^-inch strip, ^ of an inch wide, nailed along each side of the bottom, 
upon which the trays rest, to give a good circulation while the eggs are 
sorted over. The trough has a fall of not more than ^ inch throughout 
its entire length, and it is fed by a flow of about 2 gallons of water 
per minute. A dam at its lower end raises the water 1^ inches, not 
entirely covering the trays. This is a point that must not be over- 
looked, for if the water flows over the tops of the trays many of the 
eggs and fry will be apt to escape through the waste-pipe. 

CARE OF THE EOGS AND FRY. 

XJl)on their arrival at the hatchery the eggs are taken from the 
shipping-cases and turned into tubs, whence they are removed to the 
hatching-troughs. In removing eggs irom the flannel shipping-trays 
to the tub the same method is followed as in washing eggs that have 
been held in cases for several days. The transfer should take place in 
a temx)erature not higher than 45^ or 5(»o f., and if the eggs are held 
in the tubs for any length of time they are given a change of water 
every 30 minutes. 

Great care is necessary in transferring eggs to the hatching-trough 
in pails. To guard against any shock, the pail is partially filled with 
water, and the eggs are carefully taken in the dipper, which is lowered 
into the pail in such a way that the eggs will glide into the water and not 
fall upon it. The pail when filled is placed upon the trough as near as 
X)ossible to the box for which the eggs are intended, and by means of a 
perforated dipper with a capacity of 20 ounces, or 4,000 eggs, they are 
transferred to the hatching-boxes. A tray is placed in the water and 
a dipperful of eggs is poured upon it; then another tray, placed on top 
of the first, is served in like manner, and this is repeated until ten trays 
are filled. The eleventh, or cover tray, is left empty, and the whole 
apparatus is held in place with a crossbar or binder. In two double 
troughs, containing 64 boxes and occupying a floor space of lOG square 
feet, 2,560,000 eggs may be safely carried with 22 gallons per minute 
of good spring or lake water, well aerated. 

To estimate the number of eggs laid down, a fractional portion of a 
quart is counted several times until a satisfactory average is arrived at; 
this has given 200 to the fluid ounce, or 6,400 to the quart. 
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For the first few weeks after the eggs have reached the hatchery 
close attentioD mast be given to prevent the growth and spread of 
fungus throughout the tank. The eggs must be carefully hand-picked, 
and the trays and boxes kept thoroughly cleansed from slime and other 
impurities. If a heavy rain should wash dirt, refuse, etc., into the 
supply reservoir and thence to the hatchery, the eggs must be cleaned 
to prevent their smothering. No filter, practical for use in a hatchery, 
has been invented that wiU entirely remove injurious substances. 

To remove the egg-ttays from the boxes for sorting, the binder is 
first slipped out from the grooves and the trays taken out separately, 
each rising to the surface as the one above it is removed. All the 
trays are taken out of one box and placed one after another along 
the picking-trough. The dead eggs and '^ringers" — the latter not 
appearing until in the later stages of incubation — are then picked out 
with small metal tweezers. The eggs will turn white when dead, and 
if allowed to remain upon the trays a fungus will soon appear upon 
their surface and spread its growth until all the eggs within a short 
radius are afiected; these in their turn will be smothered and become 
fungussed in the same manner. 

When it is necessary to change the x>osition of the eggs in order to 
bring those at the bottom to the surface a soft feather is used, and if 
manipulated carefully it will have no iiyurious effect. After the eggs 
have been carefully sorted the trays are again placed in the hatching- 
box. The eggs are looked over at least every three days during the 
first five or six weeks; at the end of that time, in a water temperature 
of from 40O to 45^ F., the eye-spots will show up plainly, and from this 
stage to the breaking of the shell less labor need be expended in this 
direction, for the eggs are not so susceptible to fungus, etc., as in the 
early stages. At this period unimpregnated and imperfectly developed 
eggs a^ easily distinguished and taken out at one picking, leaving 
practically only those that will ultiinately hatch as perfect fry. 

For washing the eggs when coated with sediment a large galvanized- 
iron pan, about 2 J feet long, If feet wide, and 4 inches deep, iis used; 
this is nearly filled with water and a tray floated on its surface. The 
eggs are gently moved about with a feather, and by submerging and 
quickly raising the tray the eggs will be left as clean as when first 
taken. It is necessary to be very careful to give no sudden jar or 
shock to the eggs, for up to the time the eye-spots begin to appear they 
are very delicate and must be handled accordingly. It is better to 
allow a small amount of dirt to remain on the eggs than to under- 
take washing them, which should only be done when the coating of 
sediment becomes dangerously heavy. The boxes may be washed when 
the trays are in tlie picking-trough, but to wash the trays is difficult, 
yet very necessary in case they become covered with slime. 

The eggs may be transferred to a clean tray without serious harm 
by placing the clean tray face downward upon the dirty one, and by a 
quick movement reversing their positions, submerging both trays in a 
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pan of water. This will deaden the fall of the eggs from one tray to 
the other and free what few adhere to the first tray. 

In a water temperature of from 40^ to 45° F., hatching will begin in 
from 75 to 90 days. The dark hue of the egg as a whole, the distinct 
outline of the fish, and its convulsive movements show the approach 
of the hatching x>eriod. If the weather is clear and cold these indica- 
tions may continue for some time, but with the advent of a single warm 
day more than 50 per cent of the fry are apt to break their shells. 

As the total number of eggs received at the hatchery has decreased, 
in order to determine the number of fry that will be hatched they are 
now measured again by first emptying the eggs in the large pan 
described above, and then placing 4,000 each upon trays, in this case 
made of wire cloth with a ^\-inch mesh. Should the temperature 
remain uniform the hatching will cover a number of days, but a sudden 
rise or fall in the temperature will have a marked effect in either 
advancing or retarding the further development of the eggs. 

The dead shells from the hatching fish must be removed or they 
will clog the trays and stop the circulation of water. To provide 
against this, one box of trays is emptied into a pan of water and the 
eggi^ stirred with a feather; the shells rise to the top and can be easily 
I)ouro(l off, and by repeating this operation several times the hatching 
fish are entirely freed from this refuse. In returning the fish and eggs 
to the trays they should be divided as equally as x)ossible among the 
ten trays. The necessity for this depends on the rapidity of hatching 
and perhaps a single box need be served in this manner only three 
or four times during the hatching period. 

The care of the fry from this time to their distribution, if distributed 
before the absorption of the food-sac, is somewhat similar to the treat- 
ment described for eggs. Monstrosities, " blue sacs," and dead fry are 
picked out as soon as they are discovered. The yolk-sac attached to 
the fry will be gradually absorbed and the fry so increase in size that 
4,000 overcrowd one tray, and when the sac is about half gone, which 
is in about three or four weeks after the fish are hatched, it is necessary 
to reduce the number upon each tray to 2,000. 

DISTRIBUTION OF THE FEY. 

Lake trout should either be planted while the food-sac is still visible, 
or not until they possess the vitality of the yearling. Trout planted 
when the foodsac is within one or two weeks of complete absorption 
have sufficient nourishment to sustain life until they are acclimated to 
their surroundings, as well as the natural impulse from the beginning to 
take the minute particles of food which they find. As from 2,000,000 to 
4,000,000 lake trout are hatched at Northville annually, it is impossible, 
with the present facilities, to hold them all iti rearing troughs and ponds 
until they become yearlings, and the fry are usually distributed direct 
from the hatching-boxes. 
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In shipping them to their destination, 1 0-gallon roand-shonldered cans 
are filled to within a foot of the top with the water used in hatching. 
One trajrfiil, or 2,000 fry, is pat in each can, and as soon as it is filled, 
enongh ice is added to bring the temperature down to 38° or 40° F. If 
the fry are to be planted in the Great Lakes, the cans are transferred 
from the car, upon its arrival at its destination, to a fishing-tug and 
conveyed to the reefs or natural spawning-grounds of the lake trout; 
here the cans are lowered into the water and the &y allowed to escape 
and in a few moments they disappear from the surface and sink to the 
bottom. 

PACKING EYED EGK^S FOR SHIPMENT. 

When the eye- spots are plainly visible, the eggs can be packed and 
successfully shipped to any part of the world, \t kept at a uniform 
temperature. The trays us6d for this purpose are made like those used 
in shipping green eggs from the field station to the hatchery. For 
100,000 eggs 16 trays, 18 inches by 18 inches, are required; for 60,000, 
8 trays, 16 by 16 ; and for 5,000 eggs, 5 trays, 8 by 8. After they are 
packed, the trays are placed one upon the other and crated together by 
nailing a cleat on each side from the foundation to the top board. The 
packing-case is made large enough to admit of an air-space of 4 inches 
around the top, bottom, and four sides of the crate, when it is placed 
in position. Eope handles are inserted at the sides. 

The temperature of the packing-room should not be higher than 40^ 
nor lower than 26°. A temperature of from 28^ to 30° is preferable. 
The canton- fiannel trays are first soaked in water, drained, and then 
placed upon a table to receive the eggs. Wooden frames of finch 
square strips, made so as to fit inside the frames of the packing- trays, 
are then inserted. A box of eggs, previously picked and cleaned, is 
taken out, drained, and carried to the* packing-room. The eggs are 
carefully brushed from the wire trays upon the fiaunel trays with a 
feather and spread evenly over the surface. To divide the eggs among 
the flannel trays is not difficult, as there are 40,000 in the hatching- 
box, or 4,000 to the tray. The inner wooden frame is now removed, 
leaving a finch margin on all sides between the eggs and the tray 
frame, and a piece of damp mosquito netting is laid over the eggs, 
extending IJ inches beyond the sides of the frame. This netting is 
pressed down at the inside corners of the tray and all along next to 
the frame, in order to hold the eggs in position and avoid their coming 
in contact with the wooden frames. Over this netting is scattered 
sphagnum moss, ^ to f of an inch deep. This moss is gathered in the 
fall, and is prepared by being soaked in water and wrung out with a 
clothes- wringer. It must be free from all sticks and decayed matter 
and thoroughly wrung out, picked apart, and made fluflfy, for if used 
upo!i the eggs in a compact mass, the supply of oxygen would not be 
sufficient for their maintenance while en route. It should be moist, but 
not so wet as to drip on the eggs. 
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When packed the egg-trays are placed upon a foandation-board, made 
the same size as the trays and covered with moss. At the top another 
board of the same dimensions is laid. Cleats are nailed on all four 
sides and fastened to the top and foundation boards, making a firm 
crate^ which can be handled without danger to its contents. 

K the temperature of the packing-room is not below freezing, the 
trays are placed out of doors before they are crated, to allow the moss 
upon the eggs to become slightly frosted. Eggs at this period may be 
subjected to a very low temperature without injury — in fact, may be 
enveloped in a thin coating of ice, and if shipments are made when 
the weather is too warm for frosting the results are not so good. 

A packing-case, provided with rope handles, is prepared large enough 
to admit of an air-space of 4 inches around the top, bottom, and four 
sides of the trays. The bottom is filled 4 inches deep with fine shavings, 
the crate of eggs is placed upon them, and more shavings packed all 
around between the trays and the case. The packing is carefully done, 
a few shavings being thrown in and pounded down before more are 
added, in order that the trays may be held securely in the center of 
the case. Shavings are filled in on top, the cover screwed on, and the 
box is ready for shipment. 

In transit the eggs must be kept in a cool place, though not allowed 
to freeze; and if this precaution is taken, and they are not unneces- 
sarily jolted, they will be found in good condition when unpacked. 
Hundreds of thousands of eggs have been thus shipped from North - 
ville during the past few years, the eggs arriving in fine condition and 
with practically no loss. 

For foreign shipments a double box is used. The inside one is made 
2^ inches larger on all sides than the crate of trays, and the outside 
one large enough to make a 5-inch space on all sides when the smaller 
box is placed within it. The trays of eggs are prepared as in ordinary 
shipments, and. when crated, are placed in the smaller box upon a 
frame which is constructed from a ^^-inch strip, 2J inches wide, tacked 
at right angles to the inside and bottom of this box. In the space 
thus formed between the crate and the box is packed finely chopped 
ice, water from the melting ice being drained off through a half dozen 
small openings in the bottom of the box. This box is now packed 
according to the same plan as that followed with shipments for a short 
distance. Where there is an opportunity it is advisable to have the 
case unpacked while en route and fresh ice added. Fjgg» have been 
ship))ed in this manner to Enj^land, Mexico, New Zealand, Japan, and 
South America, and have readied iheir destinations with little loss. 

FKEDINa AND REARlNCr LAKE TROUT. 

Lake trout fry held for i earing aic kei^t in troughs until they are large 
enough to be transferred to ponds. These troughs at Northvlllc are 
12 feet long and li feet 7 inciies wide, with a 1 inch partition running 
through the middle it> entire length, thus forming two troughs, each 
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1 foot 2 inches wide. At intervals of 18 inches, cleats If inches high 
are mortised across the bottom, and in the sides of the trough, at 
the ends of the cleats, grooves are made to admit the placing of a fine- 
meshed vertical screen, which can fit tightly to the partition at the 
bottom. Everything is coated with asphaltnm paint. The trough has a 
fall of one-fifth of an inch to the foot, the overflow being at the end 
through a tin spout. Another trough may be set at the lower end of 
the first, provided, as with hatching-troughs, a sufficient fall is given for 
aeration. 

A week or ten days before the disappearance of the yolk-sac, which 
will be absorbed in five or six weeks, with water at a temperature of 40^ 
to 450, the fry intended for rearing should be transferred to tbe troughs. 
In a single trough of the size described, 15 gallons of spring water i)er 
minute, with a temi)erature ranging from 45^ to 50^ F., will support 
8,000 fry during the first few weeks they are held. Up to this time it is 
not necessary to insert the vertical screens except at the head and out- 
let, but as the fry increase in size they become restless, snapping at each 
other and crowding together in a mass at the head of the trough, and 
then it is necessary to thin them out and separate them by subdividing 
the troughs, holding an equal number of the fry in each of the compart- 
ments. The action of the fish determines when this should be done. 
The use of warm water hastens the development of the fry, the same as 
it does with the eggs. 

For the first four weeks the fry are fed four times per day on finely 
chopped beef liver, ladled through a close screen to remove all lumps. 
The liver is diluted with water and the mixture fed to the fry with a 
feather. For some days they do not appear to take their food, but the 
routine is continued, and as soon as the sac is entirely consumed they 
commence feeding. No rule can be laid down prescribing a definite 
amount of food, but tbe fry are fed till their appetites are appeased and 
every fish has obtained a morsel. Some days they display more hunger 
than usual, a warm day especially increasing their appetites. After 
they begin to feed well the liver may be given to them but three times a 
day, more being thrown in at a time. 

The troughs must be cleaned out daily by turning on an additional 
supply of water — not so much that the fish will be carried against the 
screen — and the foul matter stirred up from the bottom with a feather 
and worked through the wires with a small sponge. Twice a week the 
sides and bottom are sponged ofi'. 

Three months after being transferred to the feeding-troughs, trout 
will take food well and be from 1 to 2 inches long. They are then ready 
to go outside to the rearing-ponds. These ponds are about 32 feet long 
by 5 feet wide, with from 10 to 20 inches of water, and have a minimum 
water supply of 20 gallons per minute. The bottom is graveled and 
the sides constructed of planks or cobblestones, and on the sides where 
the sun strikes the warmest during the day a board shades the trout 
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from the direct rays. A x>oud of this description will accommodate 
10,000 lake trout three or four months old. As they increase in size 
this number may be diminished, a great deal depending upon the 
quality and temperature of the water. 

Tho temperature of the water should never be higher than 65<^; 
preferably from 48° to 58o. 

As when kept in rearing-tronghs, the fish are now fed the amount 
they seem to desire, being neither overfed nor starved. The liver, not 
so finely chopped as before, is thrown in with a spoon. At the first 
feeding the fish may be somewhat wild and scatter over the pond, but 
after one or two days they will collect at one point and take the food 
greedily. After four weeks' time they are fed only twice per day, and as 
they increase in size, coarser liver is given to them. Food is thrown 
in slowly, and no more given at one time than the fish can eat, for 
waste matter soon becomes foul, and unless drawn off will speedily 
cause sickness. 

In from 10 to 12 months after hatching, lake trout artificially reared 
measure from 4 to 8 inches in length and are ready for planting. This 
is done in the same manner as with fry, 100 fish being placed in each 
can for transportation. 

DISEASES. 

Tlie diseases to which lake trout are susceptible are those common to 
all other trout. They are caused by impure water, poor food, injuries 
received, and the attempted cannibalism of their neighbors. The first 
three of these causes can be guarded against, but the last is much more 
difficult to prevent. At the first sign of cannibalism the fish must be 
thinned out, and, if feeding well, transferred ^o the rearing-pond, where 
they will have greater range for development. In fact, for any of the 
diseases this will prove of more benefit than anything else. 

It is beneficial to treat the fry with salt twice a week by shutting 
off the water and sprinkling salt in the trough until a weak brine is 
formed. The fish must be watched closely, and as soon as they show 
any signs of ''turning up'' a full head of water must be turned on 
until all the brine is washed off, after which the supply may be reduced 
to the regular amount. A small quantity of swamp earth should be 
scattered in the tanks about once in two weeks, merely enough to dis- 
color the water for a few moments, and allowed to wash off' gradually 
with the current of the water. 
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The irrayUncs of America comprise Thf^maUHS tricolor of ^>^^'f»^' 
T^ma^lT^lor --^.h.. of Montana, and Tkr^aUus "^^^^ ^J 
riaTa and the Ma.-kenz. River re.non. They are ^^y^^y^^^^ 
the Salmoni.hr in habits, general api>earance, etc., bnt differ m tne 

chanu ter of the skeleton. „ ^u«, oi^^nH^n r^f fish 

Only the Montana jrrayling at piv^nt receives the ^^"^^^^^^3 
cultuHsta. It. tK<v is elongated, compn^ssed ^^^^^f^^.^^^^ 
4i times in the h ngth. The soUhmuc head is of «^oderat« size, and it> 
KMiKth is one ttrth that of Uxiy. The dorsiU outline, from snoot to toil, 
is a uniform gentle curve, highest at the beginning of the doi^l fan. 
The mouth is oblique, terminal, luid of moilerate size; rather feeble 
twth, of uniform sius wear on jaws, palatines, and vomer. The short 
and stuV gilln^kei^ nunil>er 17. The eye is large, exceeding len^h of 
snout, and is ot^ntiuneil :>A times in length of head. From 82 to 85 
stales aix'^ found along the lateral line, with 8 rows above and 10 rows 
Inflow the line. The dorsal tin is long and high, and contains 18 to 21 
rays; both its length and height equal the depth of body. The caudal 
Is strongly forked. The coloration is gorgeous. The color of the back 
is gray with purplish reflections; the sides of head and body are lighter, 
with purplish and silvery iridesi'ence ; the l)elly is pur© white; there 
are a few V-shaixHl black spots on the anterior part of the body; a 
dark heavy line, most distinct in males, extends along upper border 
of belly from ventral to pei*toral fins. The dorsal fin is richly varie- 
gated with a rosy border, 4 to (> rows of roundish rosy 8i)ots in whitish 
areas, with dark blotches forming lines between the spots. The ventral 
fins have three rose colored branching stripes along the rays. The 
anal and pectoral fins are plain, with dark border. 

The Michigan grayling is generally similar to the foregoing, bnt has 
a somewhat larger dorsal fin and slightly diilerent coloration. The 
Arctic grayling has a higher dorsal fin, with 22 to 24 rays, a smaller 
head (oi in length), and more brilliant colors; the back and sides are 
^"V t^^ ^^y^ ^^^ belly blackish-gray with irregular white blotches, 
Hhift f ^^ brown ; on the anterior part of the body are 5 or 6 deep- 
dorsal^? ^"^^ '^^ ^''^^ ^^^^^ ^^ *^^^^ j*^^ * ^^^^ ^^^^'^ *^^ dark^ray 
^^d . t\.^^^ ^^^^ blotches and cross rows of rich blue spots edged with 

The MiT'"^^" ''^^^ ""^^ ^'''^ ^^^*^« «t"P^«- 
iiverage ouW r*" ''''^ ^^<>«tana graylings rarely weigh IJ pounds, and 

The Michi ^^^^^^^ ^^^ uortiiern species is somewhat larger. 
3^ichigan, alth" grayling is naturally found only in certain streams in 
ji:^ake C3iit^piQ ^^? . ^^^ ^yP^ specimen was said to have corae fron 
106 ' ^^ ^^® ^^ the most attractive and gamy freshwatei 
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The graylings of America comprise Thymallus tricolor of Michigan, 
Tkymallus tricolor montamis of Montana, and Thymallus signifer of 
Alaska and the Mackenzie Eiver region. They are closely related to 
the Salmonidce in habits, general appearance, etc., but differ in the 
character of the skeleton. 

Only the Montana grayling at present receives the attention of fish 
calturists. Its body is elongated, compressed, the depth contained 
4^ times in the length. The snbconic head is of moderate size, and its 
length is one-fifth that of body. The dorsal outline, from snout to tail, 
is a uniform gentle curve, highest at the beginning of the dorsal fin. 
The mouth is oblique, terminal, and of moderate size; rather feeble 
teeth, of uniform size, occur on jaws, palatines, and vomer. The short 
and stiff gillrakers number 17. The eye is large, exceeding length of 
snout, and is contained 3^ times in length of head. From 82 to 85 
scales are found along the lateral line, with 8 rows above and 10 rows 
below the line. The dorsal fin is long and high, and contains 18 to 21 
rays; both its length and height equal the depth of body. The caudal 
is strongly forked. The coloration is gorgeous. The color of the back 
is gray with purplish reflections; the sides of head and body are lighter, 
with purplish and silvery iridescence; the belly is pure white; there 
are a few V-shaped black spots on the anterior part of the body; a 
dark heavy line, most distinct in males, extends along upper border 
of belly from ventral to pectoral fins. The dorsal fin is richly varie- 
gated with a rosy border, 4 to 6 rows of roundish rosy spots in whitish 
areas, with dark blotches forming lines between the spots. The ventral 
fins have three rose colored branching stripes along the rays. The 
anal and pectoral fins are plain, with dark border. 

The Michigan grayling is generally similar to the foregoing, but has 
a somewhat larger dorsal fin and slightly different coloration. The 
Arctic grayling has a higher dorsal fin, with 22 to 24 rays, a smaller 
head (5^ in length), and more brilliant colors; the back and sides are 
purplish gray, the belly blackish-gray with irregular wLite blotches, 
and the head brown; on the anterior part of the body are 6 or 6 deep- 
blue spots, and on each side of lower jaw a blue. mark; the dark gray 
dorsal has pale blotches and cross rows of rich blue spots edged with 
red; the ventrals show red and white stripes. 

The Michigan and Montana graylings rarely weigh 1^ pounds, and 
average only J pound; the northern species is somewhat larger. 

The Michigan grayling is naturally found only in certain streams in 
Michigan, although the type specimen was said to have come fror\ 
Lake Ontario. It is one of the most attractive and gamy fresh-watei 
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flsbes, but i» rapidly approachiDg extinction, owing to excessive Ashing 
and the pollution of streams. 

The Montana grayling exists only in streams emptying into the 
Missouri Eiver above the Great Falls, principally in Deep or Smith 
Eiver and its tributaries, and In the three forks of the Missouri, the 
Jefferson, Madison, and Gallatin rivers, and their affluents. It prefers 
clear streams of pure water with sandy and gravelly bottoms, thougli it 
occasionally extends its range to those well strewn with bowlders and 
broken rocks. 

The Arctic grayling {Thymallus signifer) is found from the Mackenzie 
River westward through Alaska and north to the Arctic Ocean. 

The Michigan grayling spawns in April and the eggs are normally 
laid in gravel beds in clear, cold streams, in water having a tempera- 
ture of 50° to 60O F. The incubation period is 14 to 20 days. 

The spawning season of the Montana grayling is in April and May, 
depending largely on the temperature of the water. In the north fork 
of the Madison River the water is comparatively warm, and the gray- 
ling spawns a month earlier there than in other waters of Montana. 
In connection with the hatchery of the Commission at Bozeman, an 
egg-collecting station has been established on Elk Greek, one of the 
feeders of Red Rock Lake, where the fish are taken in a trax> as they 
ascend to the spawning-beds. They will proceed long distances to find 
suitable spawning-grounds. At the approach of the season they go up 
the Jefferson, through Beaver Head and Red Rock rivers, to Red Rock 
Lake, 14 miles in length, and through the lake to the inlets at its head. 
After spawning they return through the lake to the rivers below, none 
stopping in the lake, which is totally unsuitable for them. At spawning 
time Elk Creek is fairly alive with grayling on the gravelly shallows, 
where their large and beautiful dorsal fins are to be seen waving, clear 
of the water, in the manner of shark fins on a flood tide. So eager are 
they to ascend that they would be smothered in the trap were they 
permitted to enter at all times, and the trap is therefore opened only 
for a limited time during the day. 

Although the cultivation of the Michigan grayling was undertaken 
as early as 1874, it was never regularly or extensively conducted. The 
artificial propagation of the Montana grayling was begun at Bozeman 
'n 1898, and in 1899 5,300,000 eggs were taken and 4,567,000 fry were 
hatched and liberated. The number of eggs varies from 2,000 to 4,000 
to a fish, averaging 2,6(M) to 3,000. They are about 0.14 inch in diam- 
eter, and run from 750 to 840 to a fluid ounce. The eggs in the ripe fish 
lie loosely in the abdominal cavity, and the fish is quite easily stripped. 

The eggs are fertilized by the dry process and fully 95 per cent are 
fecundated. When first extruded they are perfectly free and separate, 
and are of a rich yellow color owing to the presence of a large oil-drop 
which makes them almost semi-buoyant; after a few days they become 
almost colorless and as clear as crystal. If i>laced on ordinary flat 
trays, crowding each other and exposed to a lateral current of water, 
the eggs adhere in bunches, and fungus soon ap))ears, entailing much 
labor in picking and a great loss of eggs. The embryo becomes very 
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active before the eye-spots appear, and the eggs are apt to float off 
from the trays. For these reasous they shoald be eyed in batching-' 
jars, prelerably, or in baskets in troagbs, such as are used for hatching 
salmon where the current of water or pressure is from below. After 
the eye-si)ots appear the eggs are heavier and can be hatched like 
trout eggs, on on ii nary flat trays. The eye-spots are small gilt specks 
with a minute black pupil, and appear in from 3 to 5 days. The period 
of incubation is from 10 to 15 days at a temperature of 50^ F. When 
flrst hatched the fry have a very small yolk-sac, which is absorbed in 
about a week, when they become free-swimming animals about half an 
inch long and quit« slender and delicate, resembling the fry of whitefish 
or shad. 

Finely ground liver is the best artificial food for grayling fry; this 
they take very well. Dry or floating food has been tried, but without 
success. Baked liver, ground very flne, fish cake, yolk of hard-boiled 
egg, corn meal, etc., were given a fair trial, but all were refused except 
the powdered yolk of egg, which was eaten sparingly^ beef chopped 
flne and rubbed through a sieve was also refused. An examination 
with the microscope shows that the fry have two sharp, retrorse teeth 
in the upper jaw, similar to those in the fry of the lake whitefish. This 
would indicate that their natural food is minute animal organisms, and 
experience at the station has confirmed this supposition. Such food is 
not found in spring water, which, moreover, is usually too cold for the 
delicate grayling fry. It has also been found that after feeding for a 
week or ten days in the hatching-troughs containing spring water with 
a temperature of 45^ F. they began to die from the lack of warmer 
water, sunshine, and their natural food. 

As soon as the fry begin to swim, and before the yolk-sac is entirely 
absorbed, they should be transferred to shallow, sunny nursery ponds, 
with a deep current and supplied with creek water with a temperatuie of 
60^ to 650 F. At this period they have been kept alive in ajar of still 
water, without change, for four days, showing that they could be success 
fully transported in cans for planting, at this age. Unlike trout fry, 
which seek the shade, grayling fry keep on the sunny side of the ponds. 
They begin foraging for natural food as soon as placed in the ponds, and 
are extremely active. If the water contains plenty of natural food, they 
will do well, but at first they are fed at least six times a day. 

The usual method of ^lacking trout and salmon eggs for transporta- 
tion will not answer for grayling eggs, which will not bear crowding or 
pressure. The egg trays must be quite shallow, the frames not over J 
inch in depth, with a cotton-flannel bottom tacked on tightly. The eggs 
are placed in a single layer, covered with damp mosquito netting. The 
temperature must not go above 45^ F., and should be kept lower, if 
possible, by packing ice with moss or shavings on all sides of the stack 
of trays in the egg case. The ice hopper on top is of uniform area with 
the trays, with perpendicular sides instead of the usual flaring sides, to 
facilitate reicing during the journey. Packed in this way, and the tem- 
perature kept about 40° F., to retard the development of the embryo, 
grayling eggs may be carried any distance desired. 



THE WHITEFISH. 



DESOEIPTION, COMMON NAMES, ETC. 

The common whitefish {Caregonus clupeiformis) is emiiieutly a lake 
fish. It exists throughout the Great Lakes regiou, and is especially 
abundant in lakes Erie, Huron, Michigan, and Superior. The eastern 
limit of its range is Lake Ohamplain, and it is found in Lake Winnipeg, 
and possibly farther west. It is landlocked in Otsego Lake, Kew York* 
Efforts to introduce it into new waters in the States of the Pacific Coast 
and Eocky Mountain region have not as yet been successful. 

Its body is rather long and compressed, and the back, especially in 
adults, is arched in front; the greatest depth is about one-fourth the 
body length. The head is small and short, contained about 5 times in 
the length of the body; the snout is blunt; the mouth is small and 
nearly horizontal with the lower jaw included; the maxillary is short 
and broad, reaching to a point under the pupil; the mandible extends 
to a point under the posterior edge of eye. The eye is small, its diam- 
ter being about one-fifth the length of the head. The rays in both the 
dorsal and anal fins number 11. The number of rows of scales along 
the side of the body varies from about 82 to 92, with about 11 above 
the lateral line and 8 below. The gillrakers number about 28, of which 
10 are on t\e upper arm of the gill-arch; the longest are contained 
about twice in the length of eye. The general color of this fish is a 
satiny white, with a faint olive-green shade on the back. The fins are 
uniformly white, except the caudal, which normally has a dark edge. 

This fish has a number of common names in different parts of its range. 
It is the whitefish par excellence of the United States and Canada. As 
found in Otsego Lake, New York, it is inappropriately called "Otsego 
bass." In allusion to its humped back it is called "high back white- 
fish," ''bowback whitefish," "buffalo-back whitefish," and other similar 
names, in Lake Superior. 

While more is known of the habits of this species than of any other 
member of the group, many phases in its life are still obscure, as it 
remains in deep water most of the time. Besides the regular annual 
movements of the* schools to the spawning-grounds, there are other 
well-marked migrations in some lakes. Whether these depend on food, 
temperature, enemies, or other causes, is not known. Owing to its 
small, weak mouth. It is seldom taken with a baited hook. It subsists 
on minute animal food, chiefiy crustaceans, mollusks, and insect larvse. 
The food of the fry and young fish is almost wholly small crustaceans. 
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OOMMBBCIAL AND FOOD VALUE, ETC. 

The whitefishes are by far the most important group of fresh-water 
fishes of North America, probably of the world. The commou white- 
fish is the best of the tribe, bat some of the others nearly equal it in 
merit, and all are more or less esteemed as food. Among the fishes of 
the Great Lakes the common whitefish ranks next in value to the lake 
herring, lake trout, and wall-eyed pike. In 1897 the catch in the United 
States amounted to about 8,000,000 pounds, having a value of nearly 
(300,000. If to this is added the yield of lake herring and other sx>e- 
cies of whitefish, the aggregate is over 57,000,000 pounds, having a 
value of nearly $800,000. The market value of the whitefishes taken 
in 189S in the British Provinces was reported as $877,000, a sum repre- 
senting about 18,400,000 pounds. 

The common whitefish reaches a larger size than any other species 
of whitefish in the United States. Examples weighing over 20 pounds 
have been taken, but the average weight is under 4 pounds, 

Whitefish fishing is done chiefly with gill nets set at or near the bot- 
tom in comparatively deep water, although considerable quantities of 
whitefish are also taken in pound nets, trap nets, and seines. A very 
large part of the catch reaches the market in a fresh condition, although 
formerly considerable quantities were salted. The leading centers of 
the trade are Chicago, Detroit, Sandusky, Cleveland, Erie, and Buffalo, 
whence the fish are shipped frozen or in ice to all parts of the country. 

SPAWNINa. 

The spawning season of the whitefish begins the latter part of Octa 
ber and continues into December. At that season there is a general 
movement of the fish to shoal parts of the lakes, similar to the migra- 
tion of anadromous fishes from the ocean to the rivers; some of the 
foreign whitefishes are typical anadromous species. After spawning, 
the fish return at once to the deeper water. 

The spawning habits of whitefish confined in pens have been observed. 
The fish rise to the surface, occasionally in pairs, sometimes, but rarely, 
in trios of one female and two males, the female emitting a quantity of 
spawn at each rise. The males, always the smaller fish, persistently 
follow the female and discharge milt at the same time the eggs are 
emitted. 

Whitefish reach maturity in the third or fourth year. A full-grown 
specimen deposits from 10,000 to 75,000 eggs, depending on the fish's 
size. A rule for determining the approximate spawning capacity is to 
allow about 10,000 eggs for each i)ound of the fish's weight. The eggs 
are an eighth of an inch in diameter, and 36,000 make a fluid quart. 
They swell somewhat after impregnation. 

DESTRUCTION OF WHITEFISH SPAWN IN NATURE. 

In nature the eggs of the whitefish are subjected to the attacks of 
"-^uy enemies for nearly five months. The mud-puppy {I^ectvrtLS tnao- 
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uldtu8)j commouly known as '^lizard" or << water-dog" by the i>eople 
along the lakes^ is especially destructiye. During the month of Janu- 
ary, 1897, many of these animals were pumped up with the water 
supply of Putin Bay station. The stomachs of a considerable number 
of them containe<l whitefish and cisco eggs, the contents of one stomach 
being 288 whitefish eggs and 4 cisco eggs. 

Another voracious destroyer of whitefish eggs is the common yellow 
perch (Perca flavescens). The deck of a boat has been seen covered 
with the eggs of tbe whitefish and cisco pressed out of the stomachs of 
perch taken from gill nets the last of November on the reefs, where they 
had gone to feed on the eggs. 

The various smaller Cyprinidw and some other fishes, crawfish, and 
wild fowl make the eggs of fishes a considerable portion of their diet, 
those which require the longest period in hatching, of course, suffering 
most. 

ABTIFICLAL PROPAGATION. 

The artificial propagation of whitefish has long since passed the 
experimental stage and has attained a high degree of perfection. The 
work can be carried on with great facility, and its value is especially 
apparent when it is considered that under natural conditions only 
a very small percentage of the eggs hatch, while through artificial 
propagation from 75 to 95 per cent are productive. Practically all the 
eggs taken for hatching purposes are obtained from fish caught by the 
commercial fishermen, which would otherwise be lost. 

The methods of culture hereafter referred to are those adopted at 
the Put-in Bay (Ohio) station, but these do not differ in any essential 
particular from those in general use. 

In the fiscal year 1897-98 the United States Fish Oommission hatched 
and planted 88,488,000 whitefish iry, and in 1898-99 152,755,000 fry 
were hatched and liberated in suitable waters. 

HOW THE EaaS ARE TAKEN AND TREATED. 

The taking, impregnating, and handling of the whitefish eggs are 
simple processes, but require great care at every stage. Eggs are 
often injured by undue haste in stripping, and many are lost by allowing 
them to fall too great a distance into the spawning-pan. Eggs are very 
delicate when first taken and before the absorption of water has made 
the investing membrane tense, and if roughly treated will be seen to be 
ruptured as viewed under the microscope. With care about four- fifths 
of the eggs will hatch. While scarcity of milt may lead to the non- 
fertilization of the eggs, the manner in which the milt is brought in 
contact with eggs is a more common cause of failure. 

The eggs supplied by each spawn- taker should be examined daily, 
and if it is found that a considerable number have ruptured yolks it may 
be taken for granted that the spawn- taker has handled the fish and eggs 
roughly, and if many are unimpregnated it is evident that he did not 
use sufficient milt or that it was not properly applied to the eggs. 
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At Pat-in Bay eggs are obtained from fish captured in i)oand nets 
and gill nets, often at considerable distances from the station. The 
spawn-taker, who is employed to take the eggs from the fish as they are 
lifted from the nets into the boat, has with him two or three 6quart 
pans, coated with asphaltnm varnish to prevent rasting, in which he 
takes the spawn ; a wooden keg or tin can holding from 10 to 15 gallons ; 
a 10-qnart wooden pail, and a tin dipper. He is clothed in waterproof 
garments, and his left hand is covered with a woolen mitten for con- 
venience in handling the fish. 

After several ripe females and some ripe males are collected, a female 
is taken, and the body slime, which will interfere with impregnation if 
it falls into the pan, is carefully removed. The spawn-taker then 
grasps the fish firmly in his left hand, just forward of the tail, with -the 
back of the hand downward, the fingers outward, the thumb above and 
pointing outward, the head of the fish being toward the spawn-taker's 
body. The right hand is placed under the fish just back of the pectoral 
fins, with the wrist pressing the head of the fish firmly against the body, 
the thumb outward, fingers inward, thus grasping the upper abdomen 
firmly. The fish is now at an angle of nearly 45^, the body forming a 
modified crescent, with the vent within 4 or 5 inches of the bottom of the 
pan. This position of the fish's body brings pressure on the abdomen, 
facilitates the flow of the eggs through gravity and the opening of the 
vent, and prevents injury to them from falling too far. 

Gentle pressure being now applied, the eggs flow in a steady, liquid 
stream about a quarter of an inch in diameter, and a considerable 
portion of them will be procured before the hand need be moved. As 
soon as the stream slackens the hand is slowly moved toward the vent, 
but only fast enough to keep the eggs coming in a continual stream. 
When it finally stops the hand is replaced in its former position and 
the process repeated until all the good eggs are procured. If, as is 
frequently the case, when nearly all the ripe eggs are emitted a consid- 
erable number of white ones appear, the work sliould stop. 

The dry process of impregnation is now universally considered to be 
the better, and the pan in which the eggs are taken is only dampened 
by dipping it into water before the stripping begins. After two or three 
females have been manipulated the milt from one or two males is added 
to the mass of eggs. This is done by grasping the fish between the 
thumb and fingers 2 or 3 inches forward of the vent and moving them 
toward the oi)ening. The milt comes in a stream, an average fish pro- 
ducing about a teaspoonful. If ripe males are scarce the fish is laid 
aside, as he may be used again in a few minutes and considerable addi- 
tional milt procured. 

When the pan is one-half or two-thirds full of spawn and milt, the 
spawn-taker gently stirs the eggs to incorporate them thoroughly with 
the milt, using for this purpose the tail of a fish, from which tlic 
slime has been carefully removed. The pan is then partly filled with 
water and the mass again very gently stirred. After standing two or 
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three minntes, the water is poured off and fresh water added, and this 
is repeated until the water comes away clear, when the eggs are poured 
into the keg or can previonsly filled with water, and the work of taking 
spawn is continued. Before adding another lot those previonsly put into 
the keg are gently stirred. It is necessary to change the water on the 
eggs at least once an hour, and oftener if the weather is warm, and the 
eggs should be gently stirred to the bottom of the keg every 30 minutes 
until they are placed in running water in the hatchery. 

When the spawn-taker has finished he turns over the eggs to a man 
in charge of the field work, who cares for them until the coUecting 
steamer comes, when they are taken aboard and transported to the sta- 
tion, some 2 to 5 hours having elapsed since they were taken. At the 
station the eggs are kept in the kegs in which they were placed by the 
spawn-taker and a stream of water of about 2 gallons per minute to 
each keg is kept running on them until the next morning, and they are 
stirred to the very bottom once an hour in the meantime. In this way 
tlie eggs are given time to harden with less injury than if they were 
immediately placed in the jars. 

Formerly in shipping eggs long distances they were kept in running 
water in kegs, under the care of a watchman, but it has been found 
much better to ship them in cases on trays. After having been in water 
8 or 10 hours, whitefish ova may be safely placed two or three layers 
deep on trays and shipped indefinite distances. If the weather is warm 
(55^ or 60^ F.) the cases must be surrounded with ice, or sawdust and ice. 

In placing the eggs on the trays a perforated dipper is used and a 
little practice soon shows about how many to dip out for each tray, and 
if just enough water is left with the eggs a slight tilting of the tray 
will distribute them evenly over its surface. Then by setting the tray 
with one corner on the floor and the diagonally opposite corner raised 
3 or 4 inches, the surplus water will soon drain off. This may be facili- 
tated by slipping a thin wooden wedge between the cloth and wood at 
the lower corner of the tray. 

In shipping a distance of 40 or 50 miles, the trays may be placed in 
the cases with no other protection from change of temperature than 
the wood of which they are constructed — an inch thickness of tray and 
an inch of case with an inch of air-space between — which is found to 
be safe in a coo! car or room in a boat, but for longer distances about 
20 trays are fastened together with thin strips of wood tacked to either 
side and placed in a large case with from 4 to 6 inches of pine sawdust 
well packed on every side. 

After the eggs are placed on trays and drained, they are covered 
with a thickness of mosquito netting, well washed and left damp, and 
over this is x)acked enough damp moss to fill the tray even with the 
surface. If eggs are to go by express, unaccompanied by a messenger, 
directions are fastened to the case stating that they must be kept cool 
but not permitted to freeze. Whitefish eggs have been safely shipped 
in this way from Northville, Michigan, to Australia. If the eggs are 
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to be shipped a short distance — ^25 to 50 miles — it is not necessary to 
cover them with moss. 

The trays used at the station are 16 inches square, outside, and are 
made of white pine 3 by 1 inch, mortised together at the corners with 
the widest side of the strip horizontal. On the bottom of these frames 
heavy canton flannel is tacked, so that the nap will come next to the 
eggs when in use. The cloth should be stretched very taut, otherwise 
it will sag on being wet and dried. The tacks are put 2^ to 3 inches 
apart, so that in a year or so it can be retacked between the ones first 
driven to take up the slack. The trays are made square, as they then 
go into the cases either way and time is saved in packing; square 

 

cases are also more convenient in storing and in haudliug generally. 
Such a tray will hold 50,000 eggs. 

If the eggs have to be retained for several days in the field, they are 
sometimes kept in floating-boxes adapted for this purpose. (See descrip- 
tion of this box on p. 95.) But unless the conditions are very favor- 
able it is far better to place the eggs on trays, sprinkling them lightly 
once in two or three days. 

When taken from the kegs and trays at the hatchery the eggs are 
passed through a screen (with meshes sufiiciently large to permit the 
passage of a single egg) in order to remove scales and other foreign 
substances that may be present. The screen is floated in a washtub 
partly filled with water, the wire netting being well submerged. 

For handling eggs and fry wooden kegs are by some preferred to 
tin cans, as they do not subject the eggs and fry to sudden changes 
of temperature, their contents are easily examined, and the water is 
more readily poured off without danger of losing eggs. The kegs are 
much lighter, only cost a third as much as cans, and last longer. For 
shipping in wagons or by rail, however, tin cans with covers are indis- 
pensable. Kegs should be made of white pme, painted outside but 
not within, and hold about 15 gallons each, and should be provided with 
iron drop handles. 

PENNING WILD FISH. 

The uncertainty of the seasons and the liability of failure to obtain 
spawning fish owing to severe storms which occur in November, make 
it desirable, wherever practicable, to capture fish in favorable weather 
and place them in pens until ripe. After the fish are driven off their 
spawning-grounds by severe storms, they do not return in large numbers 
during the spawning season, and the only way to insure a satisfactory 
supply of eggs is by penning the fish. 

Nets have been tried for penning, but they do not afford sufficient 
facilities for sorting the fish of various degrees of ripeness and the fish 
have to be handled too much, thus encouraging fungus growths on them 
and causing many to abort their eggs. Penning is best done in crates 
made of boards with openings sufficiently large to admit the free inter, 
change of water. The pens are generally made about 16 feet long, 3 or 
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4 feet wide, and 4 to 8 or more feet deep. They should be placed end 
to end in two rows, some 3 or 4 feet apart with a plank walk between, 
for convenience in caring for them. The fish must be handled as little 
and as gently as possible, otherwise the eggs will form into a hard mass 
and never ripen. One cause of injury is the scoop net with which they 
must be handled; the knots and the twine are so hard that they injure 
the delicate scales of the whiteflsh, which struggles violently when 
taken from the water. A net made by punching suitable-sized holes 
in a sheet of thin, soft, flexible rubber would be yielding and perhaps 
cause the least injury. 

HATCHING METHODS AND EQUIPMENT. 

At Put-in Bay the water for hatching is obtained from Lake Erie 
through a pipe that extends 75 to 100 feet into the lake. Pumps 
elevate the water to the loft of the hatchery, where it is received into 
supply-tanks, whence it is distributed by the usual methods of piping. 
The circular supply- tanks, two in number, are about 11 feet in mean 
diameter, 8 feet high, and have a capacity •of 5,000 gallons each. These 
tanks are necessary to give an equal pressure in the pipes and to 
provide a supply of water in the event of cessation of pumping. A 
gauge in the boiler room shows the height of water in the tanks. 

Whiteflsh eggs are hatched in the McDonald jar and the Chase jar; 
the former is in more general use in the United States Fish Commission, 
although both give satisfactory results. The eggs are put into the 
hatching-jars by means of a dipper having a perforated bottom. The 
proper number to a jar is 3f quarts, as determined by a gauge ; these will 
swell to 4^ quarts, which is about the proper quantity for the jars used. 

The form of the embryo whiteflsh can be seen in the egg by the use 
of a magnifying glass in from 10 to 15 days and the eye-specks and 
color stars in from 15 to 20 days, the time depending much on the tem- 
perature of the water. The fry being hatched, the food-sac is absorbed 
in from 5 to 15 days, varying somewhat with the period of incubation. 
If hatching is long retarded by low temperatures, the sac will be nearly 
all absorbed when the fry hatches. 

The microscope is a great aid in whiteflsh culture, enabling the 
operator to determine the exact percentage of dead eggs and to a great 
extent the cause of their loss, thus allowing him to remedy some if not 
all the evils. For examining eggs in their early stages the microscope 
is placed horizontally, the eggs being held in a cell fllled with water. 
This may be easily made by fastening two ordinary glass slides to a 
strip of wood an eighth of an inch thick, with a portion cut away to 
form a receptacle for the eggs. The wood is thoroughly saturated with 
asphaltum varnish, and after drying the sides should receive a thin 
coat, the slides being laid on and placed under pressure to dry. When 
dry an additional coat to the outer joints of contact will guard against 
possible leaks. 
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If the egg be examined 6 or 8 hours after it is fertilized, the germinal 
disk will be found to have contracted to a saucer-shaped cap extending 
over about a fifth of the surface of the yolk. It is smooth and even, 
gradually thinning to a sharp outer rim, with a thickness in the center 
of the cap of about a fifth of its diameter. At this stage — segmentation 
not having commenced — ^the impregnated eggs can not be told from the 
unimpregnated ones. At 18 hours segmentajbion will be well advanced 
and the disk will have contracted into six or eight rounded nodules of 
uneven size, with well-defined valleys between, there being no longer 
a sharp rim to the disk. At 24 hours — the best time to determine 
the percentage of live eggs — the disk presents a somewhat similar 
appearance, except that it will be divided into 25 or more segments, 
easily seen under the glass; the disk of the unimpregnated egg of 
the same age forms an almost exact hemisphere, is perfectly smooth 
in appearance, and is therefore easily distinguished from the live egg. 
Segmentation now goes on rapidly, and at 72 hoars the cells look under 
a 1-inch objective — a suitable power to use in this work — about the 
size of a mustard seed, the disk having in the meantime assumed an 
hemispherical shape. 

During the entire period of incubation, but more especially during 
the early stages of growth, the eggs should be worked as gently as 
possible; that is, only sufficient water should be used to keep them in 
slow motion and to prevent <^ banking." At the commencement they 
require about 6 quarts of water per minute to the jar, but later they will 
run with a quart less per minute. The eggs require constant watching 
for the first week or more, and although not considered an adhesive eggj 
agglutination takes place occasionally when the water becomes roily. 
Unless the ^^ banks ^' so formed are separated by gently stirring them 
with a long feather (the long wing feathers of a turkey are suitable), 
the eggs forming the pack soon die and form a mass in the jar. 

In a few days, varying with the temperature of the water, the unim- 
I pregnated and other dead eggs begin to <^ fungus" — that is, a growth 

I makes its ap]>earance on them and they rise to the top of the egg mass — 

"^ when they must be removed by the use of a siphon, and if live eggs are 

1 among those drawn off, they must be set up in what are called << hospital 

jars," where the live and dead ones are more readily separated. 

The dead eggs are drawn off every day, otherwise they are liable to 
become loaded with silt from the water and sink, mixing with the live 
egg» and making it difficult to separate them. 

For the removal of dead eggs from the jars a long-distance siphon is 
used at Put-in Bay station, which saves much labor. It is constructed 
thus: To the short end of the ordinary siphon, which consists of a thin 
quarter-inch brass tube about a foot long bent into the form of a goose 
neck, is attached a piece of common rubber tubing 3 or 4 feet long with 
a |-inch interior diameter. This is connected with a rubber tube of the 
same size and long enough to reach the whole row of jars or all in the 
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honse if desired. The connectioii is made by a thin brass nipple with 
the same interior diameter as the piece of rabber tube to be joined by 
slipping it into the longer piece and lashing it on the outside with twine, 
leaving about three-quarters of an inch outside to slip into the shorter 
piece after the siphon is started. The other end of the long tube is 
connected with a like piece of brass tubing, bent to a quarter circle to 
prevent the rubber tubing from kinking, to and through the center of 
a wooden float some 12 inches in diameter and 1 or 2 inches thick. 
This is placed in a tub or large pail; the short siphon is started and 
connected as above described, and the long siphon is in working order. 
The water runs over the rim of the tub into the sluice, over which it is 
placed, and the eggs settle to the bottom. A whole hatchery can be 
operated without moving the tub, although it is better to raise it 5 or 6 
feet from the floor for the upper rows of the jars, as the suction 
otherwise becomes a little too strong and liable to injure the good eggs 
when passing too rapidly through the tube. 

For convenience and for economy of space and water, the hatching 
jars are arranged in tiers, constituting what is known as a "battery." 
The structure of a battery, with its complicated system of supply 
and waste troughs and with the jars and their attachments, is rather 
difficult to describe clearly, but may be understood by reference to 
plate 35. 

Ea(!h battery is divided into two sections, which have four rows of 
jars on each side, setting on shelves 3 feet apart. The water is admitted 
through an iron pipe to the uppermost cross tank; from there it runs 
into the uppermost supply-trough, which, like all tlie others, is 13 inches 
wide and 9 inches deep, inside measurements. The iron pipe is provided 
with a ball-cock, regulating automatically the supply of water. The 
supply-troughs are from -2 to 34 feet long, the upper ones being the 
shortest and the lower the longest. The first supply-trough has a row 
of brass cocks on either side taking the water 1 inch from the bottom. 
A half inch rubber tube, (> inches long and forming when adjusted a 
quarter circle, is slipped over the outer end of the cock and the upper 
end of the iron tube, which is inserted in the jar. The water flows from 
this upper supply trough, which may be called No. 1, in section No. 1, 
through the cock, rubber tube, iron tube, and jar, from which it is dis- 
charged into what may be called waste-trough No. 1, which is directly 
below supply trough No. 1. This discharges its water into a cross-tank, 
the second from the top, which carries the water across to supply -trough 
No. 2, which is in section No. 2. This supplies the second of the eight 
rows of jars, through which all the water passes, and after passing 
throughthejars, as beforedescribed,itempties into waste- trough No.2, in 
section No. 2, which carries it to cross-tank No. 3, which in turn cames 
it across and delivers it to supply-trough No. 3, which is in section No. 
1. Thus the water goes back and forth from one section to the other, 
dropping a step at each passage, until it finally enters the fry- collecting 
tank on the floor, which is 3^ feet wide, 9 feet long, and 2 feet deep. 
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The cross-tanks are in steps, like a flight of stairs, which accounts 
for the unequal lengths of the supply-troughs. Each has an overflow 
in the center, over which a small amount of water is kept running, so 
that the attendant can see at a glance that all of the troughs are toll. 
Screens are interposed at such places in the cross-tanks that the fry 
discharged into them through the waste- troughs can not enter the oppo- 
site supply- troughs, but will float with the overflow successively into 
the lower cross-tanks down to the fry-collecting tanks. 

The fry-collecting tanks, one for each battery, are connected with the 
main collecting tanks by means of 2-inch gas-pipe, fltted with valves, 
passing under the floor of the hatchery. The main tanks, eight in 
number, are 3 feet wide, IG feet long, and 2 feet deep; in these the fry 
are retained until dipped out for shipment or planting. 

The only marked difference between the method of operating the jars 
at Putin Bay and other stations is the use of a |-inch iron gas-pipe, 
instead of a glass tube, for supplying the jars with water, and the addi- 
tion of a tin cone, 6 inches long and 1 inch in diameter at the lower 
end, which is soldered to the end of the iron pipe and reaches within 
one-eighth inch of the bottom of the jar. The tube is held in place by 
an iron bracket, fastened to the supply-trough and held by a thumb- 
screw. The cone has the effect of spreading the water and giving an 
easier and more thorough motion to the eggs than can be obtained with 
a straight tabe. 

At Put-in Bay the water passes through eight rows of jars, and the 
fact that the eggs in the lower rows of jars arc just as good as those 
in the upper rows is proof of the practicability of the plan. 

The jars require 6 quarts of water per minute to each jar on the top 
row, this amount again supplying the successive tiers of jars on the 
shelves below. If more jars are placed on the lower shelves than on 
the top one, a greater quantity of water must necessarily be added, 
equal to 6 quarts of water to each jar. 

The temperature of the water must, of course, with the large quan- 
tities used, be what nature makes it, but if much above 50^ F. good 
results can not be expected with whiteflsh eggs. When the work 
begins, early in November, the temperature of the water in Lake Erie 
is from 40^ to 50^ F., while late in the month it is generally about 35^ 
to 38^. As soon as the lake freezes over, or ice in any considerable 
quantity forms, the temperature of the wat-er as it passes through the 
jars remains very uniform at 32^o. When the ice goes out, which is 
generally about the middle of March, it rises slowly, and when the fry 
begin to hatch, the latter part of the month, it is generally up to about 
330 or 340. 

The jars, tubes, troughs, etc., should be kept scrupulously clean. 
The usual coating for the inside of troughs and tanks is asphaltum 
varnish, but a mixture of coal tar and turpentine has proved an excel- 
lent substitute. For the first coat on new wood equal parts of each 
are employed; for the second and third coats ouethird turpentine and 
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two- thirds coal tar. The tar should be as warm as the touch will bear, 
and the turpentine, which should be pure, should be added slowly while 
the mass is being vigorously stirred. The mixture dries quickly and 
forms a hard, durable surface, which is entirely waterproof and much 
more lasting than asphaltum ; it is also much cheaper, an important item 
in a large station. While applying it the tin pail in which it is mixed 
is kept in another and larger one partly filled with moderately hot 
water. For pitching the cracks and joints the best asphaltum pitch is 
used, softened with paraffin to the consistency of chewing-gum — that 
is, just so that it will not break in cold water. This pitch holds firmly 
to the wood and keeps its place in warm weather. Other pitches which 
have been tried wiU run in warm weather and get hard with use, 
breaking when cold. 

THE CASE AND PLANTING OF THE FRY. 

When the fry hatch they immediately leave the jar and follow the 
course of the running water, some going through the succeeding jars, 
provided there are no screens interposed to prevent this, others through 
the overflows from the cross-tanks, until all reach the fry-collecting 
tank at the bottom, whence they are carried to the main collecting 
tanks. It has been urged by some that it is injurious for the fry to 
pass down through the lower jars with the complement of eggs, but in 
practice this has not been the case. 

An air-jet on the inside of the screens will prevent clogging by the 
accumulation of eggshells and impurities suspended in the water. This 
may be easily arranged by providing an air pump and connecting with 
it a pipe carried along the side of each tank on the inside of t^ie screen 
and thence at right angles parallel to the screen and about an inch 
distant. This cross-pipe should be perforated on one side with holes 
-3^ inch in diameter and 3 inches apart, the holes opening toward the 
screen and upward at an angle of about 45°. When the air is turned 
on, an apparently solid mass of bubbles will arise along the whole sur- 
face of the screen. With this arrangement the screens will run hours 
or even days without any attention, whereas without the air-jet one or 
more men are employed keeping the screens clean, and many fry are 
unavoidably killed by being forced against the screens and by the work 
of the men in keeping them free. The thorough aeration of the water 
thus indirectly accomplished is very beneficial when large numbers of 
fry are passing over, and double the number can be safely handled in 
troughs thus equipped. 

At Put-in Bay the fry are planted as soon as hatched. They are 
dipped from the fry tanks into kegs, in which they are transported to 
the natural spawning-grounds on the reefs; each keg containing 50,000 
to 100,000 fry, according to the distance to be traveled. If they are to 
be taken any considerable distance, fresh water is kept running on 
them. If the facilities are such that the fry can be held in tanks until 
they attain a length of an inch before being planted, they would be 
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better able to take care of themselves than if deposited at an earlier 
stage. In the spring of 1896, about 1,000 whitefish fry were held in one 
of the station troughs until late in April, with no other food than the 
entomostraca and other minute life which came into the troughs with 
the water pumped from the lake. They grew considerably and were 
remarkably active. Oannibalism was of frequent though not of genera! 
occurrence; toward the close of the x>eriod through which the fry were 
held, numbers could be seen which had seized others by the tails and 
swallowed as much of the bodies as possible, which was, of course, but 
litUe. In every case one of the larger had attacked one of the smaller, 
the victim being dead and his destroyer swimming about actively with 
the body of the dead fry trailing along his side. If these fry had been 
regularly supplied with food, it is not probable that cannibalism would 
have occurred. 

REARING IN PONDS. 

There have been few attempts to raise whitefish in ponds on a large 
scale, but experiments lead to the belief that under favorable condi- 
tions whitetish can be raised in artificial* ponds to some extent. Of 
course an abundance of good cold water, suitable ground for the con- 
struction of deep ponds, and convenience to railroad communication 
would be essential to success. 

A successful experiment in this direction was begun at Northville in 
1882. The fish were treated as young trout are, being fed wholly on 
liver. Three-year-old whitefish, artificially reared, yielded a large num- 
ber of eggs, a fair percentage of which were fertilized. Fish weighing 
from 3 to 4^ pounds, that had never been fed on anything but liver, 
were plump and healthy. Similar successful experiments have been 
made in Europe with one of the native whitefishes ( Ooregonua lavaretus), 
and noteworthy experiments in the rearing of whitefish in ponds have 
been conducted by private enterprise at Warren, Indiana. It has been 
found that in the raising of fry the temperature of the water should 
not go above 55^ F., and that 65^ is -fatal, but fish three or four months 
old will stand a much higher temperature. 
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THE SHAD. 



DESCRIPTION OF THE SHAD. 

The shad (Alosa sapidissima) is the largest, best-knowD, and most 
valuable member of the herring family in the United States. The body 
is deep and compressed, the depth varying with the sex and spawning 
condition, but averaging about one-third the body length. The head, 
contained about 4^ times in the body length, is quite deep; the cheek 
is deeper than long. The jaws are about equal, the lower jaw fitting 
into a deep notch on the tip of the upper. Teeth are present in the 
young, but are not found on the jaws in the adult. The eye is contained 
5| to 6 times in the length of head. The gillrakers are long, slender, 
and numerous, there being from 93 to 120 on the first arch. The fins 
are small and weak, the dorsal containing 15 rays and the anal 21. 
The lower edge of the body is strongly serrated, the plate-like scales 
numbering 21 before the ventral fin and 16 behind it. The scales in 
the lateral line number 60. The body is dark-bluish or greenish above, 
silvery on the sides, and white beneath. There is a dark spot behind 
the gill-opening and sometimes a row of smaller spots along the side. 
The vertical fins often have black or dusky edges. The peritoneum 
is white. Supposed structural and color peculiarities in shad from 
different regions or basins have not been verified. 

From the other clupeoids with which the shad is frequently asso- 
ciated in the rivers, it may be readily distinguished. In all of them the 
cheek is longer than deep. The hickory shad or hickory jack ( Pomolobus 
. mediocris) has a projecting lower jaw and a very straight profile. The 
river herrings or alewives are much smaller than the shad, have fewer 
and shorter gillrakers, and a larger eye (3^ in head). In the branch 
herring (P. pseudoharengus) the peritoneum is pale, while in the glut 
herring (P. ceativalis) it is black. 

The female shad is larger than the male, the average difference in 
weight being more than a pound. The mature males taken in the 
fisheries of the Atlantic coast weigh from 1^ to G pounds, the average 
being about 6 pounds; the females usually weigh from 3 to 6 pounds, 
the average being 4f pounds. The general average for both sexes is 
between 3f and 4 pounds. In the early history of the fisheries, shad 
weighing 11, 12, and even 14 pounds were reported, but 9-pound shad 
are very rare on the Atlantic coast, and 10 pounds seems to be the 
maximum. Some seasons an unusual number of large shad (7 to 9 
X)onnd8) appear in certain streams. On the Pacific coast shad average 
a pound or more heavier than on the Atlantic, occasionally attaining a 
weight of 14 pounds ; many have been reported weighing 9 to 12 pounds. 

121 
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DISTRIBUTION AND ABUNDANCE. 

The shad is distributed aloug the entire east coast of the United 
States, and northward and eastward to the Gulf of St Lawrence. It 
has gradually spread from the Sacramento River, California, where it 
was introduced by the (California Fish Commission, and is now taken 
from southern California (Los Angeles County) to southeast Alaska. 
In the early history of the country its abundance excited unbounded 
astonishment. !Nearly every river on tlie Atlantic coa«t was invaded in 
the spring by immense schools, which, in their upward course, furnished 
an ample supply of good food. Notwithstanding greatly increased fish- 
ing operations and the curtailment of the spawning-grounds, the supply 
in recent years has not only been generally maintained, but owing to 
fish-cultural efforts has been largely augmented in certain streams, 
notably in the Kennebec, Hudson, Delaware, Susquehanna, Choptank, 
Potomac, Nanticoke, Eappahannock, York, James, Chowan, Roanoke, 
Neuse, and St. Johns rivers, and in Chesapeake Bay, Albemarle Sound, 
Croatan Sound, and Pamlico Sound, and the Sacramento and Columbia 
rivers. 

SHAD IN THE OCBAN. 

The shad passes most of its existence at sea, and little is known of 
its habits and movements when out of the rivers. The ocean areas to 
which it resorts are unknown, and what its salt-water food consists 
of has not been determined. In the Gulf of Maine it is known to 
associate in large numbers with mackerel and herring during the 
months of June, September, and October, being most numerous in June. 
It has been taken at !N^orth Truro, Massachusetts, in the fall, when the 
ocean temperature was from 43^ to 49o. In the month of November, 
one year after another, it has been found on the west side of Sakonnet 
Biver, Bhode Island. In May and June it has been captured with 
mackerel a few miles northeast of Cape Cod Light. Some instances ' 
of capture indicate that under certain conditions the adults may 
remain in the fresh-water rivers a whole year. In November, 1890, 600 
were taken in the Chesapeake Bay. It has been found in the Potomac 
in considerable abundance in August and September, and even during 
the last week in December. Its movements are largely controlled by 
the water temperature. It is believed that it seeks to occupy an area 
having a temperature of 60^ or 70^, and that its migrations are deter- 
mined by the shifting of this area. 

SHAD IN THE RIVERS. 

The annual migration of the shad from the ocean to the rivers is 
for the sole purpose of reproduction. It ascends to suitable spawning- 
grounds, which are invariably in fresh water, occupying several weeks 
in depositing and fertilizing its eggs in any given stream. 

Its migrations from the sea are in quite a regular succession of 
time with relation to latitude. It first appears in the St. Johns Biver^ 
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Florida, about ll^ovember 15, the season of greatest abundance being 
February and March. In the Savannah River, Georgia, and the Edisto, 
South Carolina, the run begins early in January and ends the last of 
March. In the North Carolina rivers these stages of the migration are 
a little later. In the Potomac Eiver advance individuals appear late 
in February, but the fish is most numerous in April. In the Delaware 
Biver the maximum run is about the 1st of May. It reaches the Hud- 
son River the last of March, and is found in the Connecticut toward 
the end of April, is most abundant the last of May, and leaves the 
stream late in July. In the Kennebec and Androscoggin rivers, Maine, 
it is first taken m April and has left by the middle of July. In the St. 
John River, New Brunswick, it appears about the middle of May, and 
in the Miramichi River, New Brnnswick, late in May. 

The main body of shad ascends the rivers when the temperature of 
the water is from 56^ to 66°, the numbers diminishing when the tem- 
perature is over 66o. Successive schools enter the Potomac from 
February to July, the males preceding the females. Of 61,000 shad 
comprising the first of the run received at Washington, D. C, from 
March 19 to 24, 1897, 90 per cfent were males. Toward the close of the 
season males are extremely scarce. 

The movement of the shad up the rivers is not constant, but in 
waves, caasing a rise and fall in the catch. In some of the rivers the 
fishermen claim that a fairly well-defined run occurs late in the season, 
consisting of a somewhat different fish, known as ''May shad." 

The erection of impassable dams along the rivers and streams was 
probably the first thitig to curtail the natural spawning-grounds of 
these fish and to seriously check their natural increase. 
. As shad enter the rivers only for the purpose of spawning, the 
fisheries are necessarily prosecuted during the spawning season, and 
often upon the favorite spawning-grounds. Tbe increase of population 
necessitates a larger supply of fish and requires the use of more 
apparatus, and the number of shad that reach fresh water is therefore 
greatly curtailed by assiduous fishing with all kinds of contrivances in 
the estuaries and in the mouths and lower parts of rivers. Under these 
conditions of a restricted spawning area and increased netting shad 
would soon be exterminated without artificial propagation ; or the fish- 
ery, at least, would greatly diminish and become unprofitable. Such a 
crisis was fast approaching in 1879, when the Fish Commission entered 
upon systematic work in shad propagation. 

From their birth until their return to the rivers shad are preyed 
ui>on incessantly by other fish, so that the larger portion of the young 
do not survive their few months' sojourn in fresh water, and of those 
which leave the rivers each season probably not one in one hundred 
reaches maturity to deposit its eggs and contribute to the perpetuation 
of its species. In the rivers striped bass, white perch, black bass, and 
other predaceous fishes devour the young, and when they reach salt 
water, sharks, horse-mackerel, kingfish, etc., undoubtedly destroy many 
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adults. It has been observed by Nortli Carolina x>orpoi8e fishermen 
that as the shad swim close along the shore the porpoises follow and 
feed on them till they pass into fresh water. In the rivers the adult 
shad is comparatively iree from enemies. 

To what extent the pollution of the waters has reduced the numbers 
of shad is not known, but acids, sawdust, garbage, oils, gas tar, and 
refuse from dye-works all tend to make the water of rivers unsuitable 
' for them. 

POOD. 

After entering the rivers, the shad takes but little, if any, food 
previous to spawning, but after casting its eggs it bites at flies or any 
small shining object, and has been known to take the artificial fly. 
The mouth of the adult is practically toothless, and its throat contains 
no ftinctionally active teeth. The water which passes through the 
branchial filter — the gillrakers — ^is deprived of the small animals which 
are too large to pass through its meshes. It is a common remark with 
fishermen and others that food is rarely found in the stomach of the 
adult shad in fresh water, but examinations have shown that the shad 
does, in some instances, eat small crm^acea, insects, etc. The only 
substance commonly found in its stomach in fresh water has the 
ap])earance of black mud. It is held by some that the shad swims 
with its mouth open and may unintentionally swallow the small organ- 
isms found in its stomach under such circumstances, but as far as 
observation of fish in aquaria and experiences of net fishermen go, the 
shad does not swim with its mouth open. 

NATURAL SPAWNING. 

 

Shad are liable to be ripe anywhere above brackish water, and under 
favorable temperature conditions spawn wherever they happen to be, 
but in some river basins tbey exhibit a well deiined choice of spawning- 
l)laces, preferring localities below the mouths of creeks, where the 
warmer water of creeks mingles with the colder channel water. The 
shad lays its eggs during the highest daily average temperature, a con- 
dition realized about sunset, when the warmer shoal water commingles 
with the colder channel water, establishing a balance. The principal 
spawning occurs from 5 p. m. to 10 p. m. Observations on the Potomac 
Eiver show that of the eggs from shad caught in a seine only 11 per 
cent were taken between midnight and noon, the i^ercentage in the 
morning being 14 one year and 8 another. 

Tlie»eggs in the ovaries remain in a compact mass until they ripen, 
at first occupying but a small space, but gradually increasing until 
they distend the whole abdomen, the average weight of the ovaries being 
about 13 ounces. Close examination at the approach of the spawning 
time will disclose large maturing eggs of rather uniform size and others 
smaller and of variable size. Whether the latter are the forming eggs 
for the next year, for two or three succeding years, or for the lifetime of 
the fish has not been determined, nor is it known whether shad spawn 
every year. The small and shrunken ovaries of a spent fish are still 
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foand fall of these eggs of dififerent sizes. Shortly before spawning, 
transparent eggs of large size, contrasting strongly with the opaque 
golden hue of less mature ones, will be found scattered through the still 
compact ovarian mass, and, becoming more and more numerous, the 
ovaries disintegrate, the eggs fall apart, and extrusion begins, a liquid 
stream of eggs and mucus flowing from the oviduct on the slightest 
pressure of the abdomen. 

Freshly de])osited shad eggs are of a pale amber or pink color, and 
are transparent. They are about -i\ inch in diameter and somewhat 
flattened and irregularly rounded in form. The egg membrane is much 
wrinkled and lies in close contact with the contained vitellus. Imme- 
diately after fertilization the egg becomes spherical through the absorp- 
tion of water and apparently gains very much in bulk, measuring about 
I of an inch in diameter; but this gain is only the distended egg mem- 
brane, the vitellus or true germinal and nutritive portion not having 
increased. The vitellus is heavier than water, and a large space filled 
with fluid now exists between it and the membrane, the vitellus rolling 
about and changing its position as the position of the egg membrane is 
altered. No adhesive material is found on the outside of the membrane, 
though when first extruded the eggs are covered with a somewhat sticky 
ovarian mucus. 

In a state of nature the shad deposits its eggs loosely in the rivers 
without building a nest, the two sexes running along, together from 
the channel towards the shore, and the eggs and milt being ejected 
simultaneously. On quiet evenings, at the height of the season, 
spawning shad may be heard surging and plunging along the shores. 
By fishermen this is termed "washing." 

Shad are very prolific, but much less so than many other food-fishes. 
The quantities of eggs taken by spawn-takers do not rei)resent the 
actual fecundity, for many are cast in advance of stripping. The 
average number is not more than 30,000. Single fish have been known 
to yield 60,000, 80,000, 100,000, and 115,000 eggs; and on the Delaware 
Eiver, in 1885, one yielded 150,000. Many eggs fail to be fertilized, 
and but a comparatively small percentage of those impregnated are 
hatched. After being extruded, the eggs sink to the bottom, where 
they remain until hatched, subject to the attacks of fish and other 
vater animals. Eels are very destructive to shad spawn and often 
attack shad caught in gill nets, devouring the unde])osited eggs and 
t^o^letimes mutilating half the catch of a gill net fisherman. 

The development of fungus is one of the greatest dangers to shad 
eggs in a natural state, and another potent agency for their destruction 
is the mud brought down by heavy rains, burying and suffocating 
the eggs. 

After spawning, shad are denominated **down-rnnnePS," **racers,'' 
and "spent fish." They are then very lean and hardly fit for food, but 
they begin to feed and have become fatter by the time they reach salt 
water in the summer or fall. 
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YOUNG SHAD. 

In the. Middle States the young fish remain in the rivers, feeding 
and growing, until the cool weather of fall comes on. They then 
begin to drop downstream, and by the last of November have passed 
out into the ocean or bays, and are lost sight of until they come back 
three or four years after, full-grown and ready to spawn. They leave 
the Potomac River when the water falls to about 40^. By that time 
they are about 3 inches long. For the last two or three years they 
have been observed in great abundance about Bryan Point, feeding and 
jumping out of the water about sunset. They keep within the open 
streak of water between the shores and the water-grass which covers 
the flats, in water 2 to 5 feet deep. After mild winters young shad have 
been found in the Potomac River in April, 30 miles above brackish 
water and 160 miles from the ocean, associated with young alewives and 
sturgeon. Some immature shad, apparently 2 years old, are caught 
each year in seines operated in the fresh water of the Potomac Biver^ 
and undersized shad are frequently caught in the Kew England rivers, 
where the tidal waters are of little length. 

COMMERCIAL VALUE. 

The shad is one of the most palatable and popular of fishes. Its 
flesh is rich, but not oily, and the roe is considered a delicacy. It is 
the most valuable river fish of the Atlantic coast, and, next to the 
Pacific salmon*, the most important species inhabiting the fresh waters 
of North America. In every Atlantic State from !N"ew Jersey to Florida, 
inclusive, it is the most valuable fish, and in Kew York it is second only 
to the blueflsh. Among all the economic fishes of the United States 
only the salmon and cod exceed it in value, and^ considering all branches 
of the fishing industry, only the whale fishery and the oyster fishery, 
besides the foregoing, are financially more important than the shad. 

In 1896 the shad catch of the Atlantic seaboard numbered 13,145,395 
fish, weighing 50,847,967 pounds, and worth to the fishermen $1,656,580. 
The value of the shad catch of the Pacific States in 1895 was $5,600, a 
sum representing 366,000 pounds. 

EARLY ATTEMPTS AT SHAD -CULTURE. 

The systematic development and extension of shad-culture were 
undertaken with the definite purpose of testing the value of artificial 
propagation in maintaining an important fisher j^ which was being 
rapidly depleted. As early as 1848 shad eggs were artificially taken 
and fei*tilized, and in 1867 more extensive experiments were made on 
the Connecticut River, and later on the Potomac, with encouraging 
results. The attention of many States was thus attracted to the work, 
and in 1872 it was taken up by the general government. Prior to the 
experiments on the Connecticut, certain species of the salmon family 
had been principally dealt with in fish-culture, and diflerent methods 
from those in use were necessary for shad-hatching, owing to the less 
specific gravity of shad ova and the much shorter period of time 
required for the development of the fish from the egg. 
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The "Seth Green box," a modification of the floating- box used for 
hatching trout and salmon eggs, was first tried with great success, but 
floating-boxes were subject to various accidents when used in tidal 
waters, and in rapid succession devices of various kinds were brought 
forward to supplant them. The most important were hatching-cones 
and the plunger-buckets, which, though imperfect, rendered larger 
operations possible. At this period the apparatus was arranged on 
flat-bottomed barges and towed from point to point along the coast from 
Albemarle Sound to the Susquehanna Kiver, a slow and expensive 
method. The Chase whiteflsh jar worked with considerable eflQciency, 
bnt required modifications, and finally the " universal^ hatching jar now 
in use was adopted in 1882. 

' During the years of experimental work from 1872 to 1880, 97,471,700 
shad fry were planted, beginning with 8;">9,000 in 1872, while in 1880, 
28,626,000 were distributed. Prior to 1880 deposits of a few hundred 
thousand each were made in as many different streams as possible, but 
the increased production of young fish made it possible to ship and 
plant the fry by the carload, and by 1884 shad-culture was established 
on a large scale, barge operations were abandoned, and the work 
conducted on shore. The basins of the Chesapeake Bay and Delaware 
Eiver had meanwhile been selected by the United States Commission 
as the natural seat of operations, though the State commissions from 
Massachusetts to South Carolina were actively engaged on their own 
account. At present the States, except ( 'onnecticut, New York, Penn- 
sylvania, and Maryland, have practically abandoned shad-hatching, 
leaving the work to the general government. 

EGG-GROUNDS. 

Every river on the Atlantic coast from Massachusetts southward has 
been examined by the agents of some State commission or the United 
States, or by both, in order to determine the natural spawning-grounds 
of the shad. On nearly every stream hateheries have been operated 
at one time or another, but usually eggs were not obtained in sufficient 
numbers to justify continued operations, except in the Chesapeake and 
Delaware basins. However, it is not unlikely that after further investi- 
gation it will be found practicable to maintain hatcheries on rivers 
which have long since been abandoned. It is certain that work on the 
Albemarle Sound can be successfully conducted, and though operations 
on the Hudson River have not been on a large scale, better results may 
be there obtained in the future. 

In certain river stretches, apparently favorable, no ripe fish are found; 
for example, in the Roanoke River for 15 miles above its mouth, where 
10,000 to 15,000 shad are taken annually, mature eggs can not be found, 
though the fish spawn just below there, as they do many miles above at 
Weldon. In the Sutton Beach seine, the one in l^orth Carolina waters 
which has afforded the most spawn, only about one spawning shad to 
each 100 is caught, and the annual catch of this seine is 30,000 to 75,000 
per annum. In view of such facts, it is not remarkable that difficulty 
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has been experienced and time consumed in deciding on permanent loca- 
tions for hatcheries. 

The spawning ]>eriod varies widely in different Reasons ; in some years 
shad are numerous and in spawning condition two or three weeks after 
the time when they have ordinarily disappeared. They deposit eggs at 
some point along the coast for six continuous months. 

The following streams have been occupied by hatcheries, as some of 
them are now, and it will be observed that the approximate spawning 
periods, beginning early in the South, become gradually later toward 
the North. 



Waters. 



Place. Period. 



EdistoRiver Jaokaonboro, S. C Mar.5-26. 

Albemarle Sound Avoca,N.C , Apr. 1-30. 

Potomac lliver , Below Waahlnf^tou, D. C Apr. 15 to June 10. 

SnaquehanDa River Below Havre do Grace, Md . . . Apr. 17 to June 15. 

Delaware River Gloucester, N. J Hay 10 to June 20. 

Below Albany. N. Y May 15 to June 30. 

Birmingham, Conn.... ^ Do. 

Holyoke. Mass June 15 to July 5. 

North Andover, Mass June 1 to Julv 15. 



Hudson River 

Housatonic River. . 
Connecticut River. 
Morrimac River . . . 



The United States Fish Commission operates stations at Bryan 
Point, 12 miles below Washington on the Potomac, and at Battery 
Island at the mouth of the Susquehanna, while the steamer Fish Hairky 
fitted up as a floating hatchery, is engaged '^uring the shad season on 
the Delaware River. These two stations and t^ vessel can receive 
respectively 16,000,000, 40,000,000, and 12,000,000 eggs. On more than 
one occasion each has been taxed to its utmost capacity, but as the 
average hatching period is 8 days, and four of the special cars of the 
Commission are hatcheries in themselves and capable of taking 2,000,000 
to 4,000,000 eggs aboard at a time, the hatcheries can be quickly relieved 
in case of emergency. 

In 1897, 205,000,000 eggs were taken, from which 134,545,000 fry were 
hat<;hed. In 1898, the total of shad fry hatched was 156,150,000, and 
in 1899 it was 210,493,000. 

In 1900, a permanent hatchery located on an arm of Albemarle Sound, 
near Edenton, North Carolina, was operated for the first time. This sta- 
tion is a<^acent to one of the most important shad fishing- grounds in the 
country, and is intended to replenish the waters of Albemarle, Croatan, 
Roanoke, and Pamlico sounds, and their tributaries — the Pasquotank, 
Chowan, Roanoke, Pamlico, Neuse, and various minor rivers. Thisv 
region annually yields upward of 8,500,000 pounds of shad, valued at 
about $350,000, and contributes the principal part of the shad found in 
the northern and eastern markets in w^i titer and early spring. 

Potomac River, — The Potomac River, immediately adjacent to Fort 
Washington (12 miles below Washington, D. C), is probably more pro- 
ductive of ripe shad than any other area of the same size. This was 
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discovered as early as 1880, and a station was soon developed there 
with steam pumps, tanks, and hatching vessels. The seine operated at 
this point between 1887 and 1891 furnished 23 per cent of all eggs from 
the river. 

The following table, taken from the records of the station, shows the 
value of the spawning-grounds: 



Yean. 






1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 



Number of 
eggs taken. 

20, 749, 000 
43, 200. 000 
21,800,000 
24, 274, 000 
19, 000, 000 
22, 576, 000 
36, 362, 000 
59, 435, 000 
81, 177, 000 
58,233,000 
35, 202, 000 



Years. 



Number of 
oggB taken. 



1891 ; 32,980,000 

1892 ' 13,440,000 

I8D3 1 9,423,000 

1804 ' 32,393,000 

1895 66,065,000 



1896. 
1897. 



64, 788, 000 
39, 707, 000 

1898 68,724,000 

1899 49,283,000 

1900 67,904,000 



In 1889 immense collections of eggs were made on certain days — 
8,368,000 on May 6 and 6,3ll,000 on May 7, and during seven days 
there was an average of over 5,000,000 per day. This was before and 
jast after a freshet. 

To increase the supply of egg»y seine fishing has been attempted by 
the Commission on both the Sus(|nehanna and Pototnac, but the efforts 
were only partially successful and were finally abandoned. The exten- 
sion of egg-taking by seines can not be relied upon, especially as this 
method of fishing has been declining for many years, owing to its 
greater expense, and a corresponding growth has taken place in the 
gill-net fishery. It is often difficult to obtain the ripe eggs when the 
shad are taken in a seine on account of the great numbers of alewives 
taken at the same time. 

The following comparative table shows the shad-egg production from 
a Potomac Kiver seine, together with the proportion of males, females, 
and spawning fish, and the number of eggs per fish: 



Year. 


Total 
number of 

eggs 
obtained. 


Total 

ripe 

fish. 


Total 1 Per cent 
sbad of 
caugbt. males. 

1 


Per cent 

of 
femalea. 


Average 
spawned. , 


1887 


20, 956, 000 652 
22, 657, 000 688 
17.738.000 < 612 


10,348* 71.4 

11,212 69.2 

B.217 .W. 3 


28.6 ! 32.100 6.3 


1888 


30.8 ' 82,900 6.1 


1889 


47. 7 28, 980 9. 8 


1890 


10.262,000 ' 468 4.606 64.3 


45.7 21,900 10.1 
42. 23. 140 7. 2 


1891 


5,276,000 ! 228 


3, 138 57. 1 
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Had all other fisheries furnished an equal percentage of eggs, the 
annual Potomac collections would have reached about 300,000,000. 
But while the Fort Washington seine, with a catch of 10,000 shad, gave 
20,000,000 eggs, and another, capturing 18,000, gave 17,000,000, a third 
catching 60,000 shad, gave only 1,000,000. 

Eggs taken by gill fishermen are usually superior to those from seines, 
and the gillers attach enough value to the market for eggs to save 
almost all within reach. At the commencement of the season many of 
them secure spawning- pans, which they keep in their boats, taking and 
fertilizing the eggs themselves, and when accidentally overlooked by 
the regular spawn-takers they sometimes row several miles to bring 
in pans of eggf^. In 1896 a giller who laid out his net with the special 
object of securing spawning shad, caught 3,300 iish and sold over 
6,000,000 eggs to the Commission. About 1,100 of his fish were roe 
shad; of the total, about 6 per cent were ripe; of the 1,100 roe, about 
20 per cent were ripe. 

The average catch of shad by the gillers who supply eggs is 1,600 to 
1,800 per season; but they do not all operate specially for the capture 
of spawning fish, though this work is profitable and gillers are &st 
turning attention to it. The Fort Washington gilling boats furnish on 
an average about 1,000,000 eggs each a season, those at White House 
400,000, Sandy Bar 350,000, Oreenway 300,000, and Graney Island 
150,000, the average being about 500,000 per boat. 

Susquehanna River. — ^The shoal water in the neighborhood of Battery 
Station is an extensive and valuable §pawning-ground. The station 
is conveniently situated on an island and the possibilities in egg- 
collecting appear to be almost unlimited. Hundreds of gill fishermen 
are engaged and large seines are operated within easy distance. In 
1886 the station was overrun with eggs; 170 universal hatching-jars 
and 58 cones would not contain them, large numbers being held in 
cylinders, buckets, and pans. In 1888 over 105,000,000 were taken, 
and in 1889 7,600,000 were obtained in one night. Both egg-collecting 
and hatching are carried on, and the establishment is complete in itself.- 
There is no transfer of the eggs except for occasional car shipments, 
and the fry are carried to Havre de Grace in 10-gallon cans for railroad 
transfer to the places of deposit. 

Delatcare River, — The steamer Fish Hawk has been employed in shad- 
hatching on this river nearly every season since 1887, the egg-collecting 
and other labor being performed by the crew. An interesting feature of 
the work is the large yield of eggs per fish. Eggs from this river have 
been saved regularly since 1887 from seines, but the available product 
among the gill fishermen has never been fully ascertained. 

The eggs collected by the Fish Hawk numbered 51,983,000 in 1899. 

The methods pursued at the different shad bat(*.beries are very similar. 
The following description applies particularly to the work on the Poto- 
mac River at Bryan Point. 
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BGG-COLLECTING. 

Collectiug eggs is the work of experienced watermen, who roust l)e 
prepared to endare all kinds of weather in open boats. The boats are 
towed out to the fishing-groands by steam -launches, where the spawn- 
takers visit the nets of the market fishermen, obtaining from them the 
si)awning fish. After eggs have been obtained a ticket is dropped into 
each panful, with the date and the name of the fisherman, for entry on 
the books of the station. The price for eggs is always above the 
market price of the shad, and payment is made at the end of the season 
on the basis of 28,000 to the liquid quart, the price being $10 to $20 per 
1,000,000. On the Potomac 40 to 50 spawn- takers are employed at the 
station, besides 12 or 15 men who are engaged as hatching attendants, 
machinists, firemen, and cooks. 

The spawn-taker uses a 16-foot flat-bottomed bateau and is provided 
with a lantern, six small and four large spawn pans, and a dipper 
of suitable size. The pans are made of tin and are of two sizes, 
11-iiich and 18-inch diameters, the latter with handles. The smaller are 
for receiving egg^ on delivery from the fish, and the larger for carrying 
them. The x)ans are thoroughly washed each night after use and not 
allowed to become rusty or indented. The dippers are round-bottomed, 
hold nearly a quart, and have handles with open ends, with 5 inches of 
the firee end wrapped with seine twine. To obtain eggs from a seine, 
double the above number of spawn vessels may be required. 

Spawn-taking tubs of indurated wood fiber have been introduced in 
Potomac Eiver operations and found superior to tin, being without 
hoops or joints, non-corrosive, and non-conductors of heat. They have 
wood covers which fit inside the rims, and the tops fit tightly by means 
of a soft rubber joint: 4 inches of the central part of the cover is cut 
away to admit air. 

As the shad manipulated are sold and consumed in a fresh state, 
fishermen waste no time in transferring them to market boats, which 
are in waiting, and rapidity of execution is therefore required on the 
part of the spawn-taker, who must be alert and exact in his methods. 

In gill-net fishing there is usually ample time to assort the fisli, 
which are taken into the boat one at a time, excei)t when sudden 
squalls or exceptional captures force the premature hauling in of the 
net with the fish wound up in the meshes. Unskilled spawn-takers 
are liable to the mistake of stripping eggs without having the neces- 
sary milt to impregnate them, for several spawners may be taken over 
a period of ten or twenty minutes without the capture of a male fish. 
In such cases (of great frequency late in the season) the female fish 
must be placed conveniently, backs down, to prevent the eggs from 
running out, and the males may have to be obtained from other boats. 
When ripe shad are taken in seines, two or three large baskets should 
bi^ in readiness to receive them. 

Sometimes the number of rii)e fish will be sufficient to occupy all the 
attention that can be devoted to them; at other times the run of fish 
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is greatly reduced by local conditions. Bven when other conditions 
are satisfactory, if neither high nor low water occurs about sunset but 
few ripe fish are caught. The large seines land toward the last of the 
ebb tide, and gill net fishermen can do nothing except on the change of 
the tide — on slack water. The fish spawn at a certain time of day, 
and when taken at other hours are not in spawning condition. Thun- 
derstorms sometimes occur for days in succession about sunset, the 
very hour when most disastrous. 

A scarcity of male fish toward the end of the season often cuts short 
oi)erations when eggs are plentiful. Unsuccessful attempts have 
been made to capture the males at such times by using gill nets with 
meshes smaller than those in the nets of market fishermen. Attempts 
have been made to pen the adults, but without success, as the fish 
become diseased and their eggs spoil within them. In gill nets the 
adult is entangled in the mesh and can not escape by struggling, and 
it therefore remains comparatively quiet. 

The quality of shad eggs is generally impaired where the fish are 
held for an hour or more in trap nets or seines. The eggs from fish 
taken in large seines are usually of bad quality, but those from short 
seines, which are lauded quickly after the fish have been surrounded, 
are usually good; and those from trap nets, in which the fish have been 
held for some hours, are valueless. Eggs are rarely susceptible to fer- 
tilization longer than 20 minutes after the fish are taken from the water, 
though there are exceptions to this rule. On May 23, 1895, Potomac 
shad were stripped which had been out of the water about 1^ hour^; 
they were kept separate, and at the end of 48 hours produced 100,000 
eggs, which yielded 98,000 fry. 

The shad dies very quickly after capture and is immediately resiion- 
sive to electrical storms, the catch of seines and nets of all kinds falling 
off promptly when a thunderstorm develops. Even in seines already 
laid out in the water, with lead line on the bottom, there is an appre- 
ciable decrease in such event. On the Delaware River, May 29, 1887, 
nearly 50 per cent of the shad eggs on board the steamer Fish Hawk 
perished during an electrical storm which continued from 6 p. ni. to 
midnight. There were 4,481,000 eggs with embryos well formed, and 
without perceptible change in water temperature 1,918,000 were killed, 
many turning white by 8 p. m. 

Heavy freshets cause an abrupt suspension of fishing, but the etlect 
of a single freshet is usually temporary. The shad which have gone 
above are backed down before the muddy water, but reappear upon its 
outward passage. An occurrence of this kind will effect a great 
increase in egg receipts if the water temperature before muddy water 
comes is suitable. The shad that were scattered above being thrown 
back in a body, reascend in a body. 

A season of clear water is undesirable both for fishermen and hatching 
work, as the fish see the nets and avoid them, gill nets being ])iit out 
only on the night tide and half the fishing being thus lost. The water 
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should be discolored enough to prevent the fish ii*om seeing the nets, 
but not thick, say from 10 to 20.* An occasional freshet reduces the 
temperature and prolongs the season ; however, with an equal number 
of fish in the rivers, clear water is x)robably more advantageous for 
natural increase, as a large proportion of naturally deposited eggs must 
perish from sufibcation under the mud in seasons of freshet. 

THE WBATHEB AND SPAWN. 

The development of eggs within the ovaries is hastened by heat and 
retarded by cold. In a warm season fish ready to spawn are more 
numerous early in the season than in a cold one, and the period for 
obtaining them is apt to close earlier. The eggs, not only after they 
are deposited and impregnated, but before they leave the body of the fish, 
are affected by the temjierature of the water, often being "blighted" 
or ''rotten ripe." This phenomenon was observed as far back as 1873, 
It occurs on the water reaching 80° to 81°, or with a rapid rise. On 
the other hand, a sudden fall in temperature has been observed to 
arrest natural spawning, produce blighted egg^, and to destroy those 
in the hatching-vessels. Continued low temperature is also disastrous 
to fishing. 

An abnormally inferior quality of the Potomac Eiver eggs was noticed 
during the full period of operations in 1896. The bulk of the run of shad 
made their appearance on a rapidly ascending temperature, and the 
eggs were injured within the parent fish, more than half perishing 
before conversion into fry. The rise in temperature was greater than 
had been recorded in the eleven years preceding. The run of shad 
increased proportionately, the catch at one seine increasing from 100 
to 800 in 24 hours. A snowstorm on April 7— morning air temperature 
35° F. and mean air temperature 46° — was followed by heavy frost on 
April 9, the morning air temperature on the last-named date being 34^. 
The river water on April 10 was 46°, rising to 48° on Ai)ril 12 and to 
71^ in the afternoon of April 21, thus gaining 25^ in 10 djiys. After 
April 21 the catch of shad fell off to such an extent that fishing was 
no longer profitable. 

Tlie water of the Potomac early in March is usually of a temperature 
of 360 to 40^, rising to 52^ to 58° about the middle of April, when the 
spawning period begins, and at the end of May, the close of the x)eriod, 
it averages from <>5^ to 70^. 

STEIPPING AND FERTILIZING THE EGGS. 

In stripping the egg^ the shad is lifted with the right hand and 
Caught above the tail with the left. All slime and loose scales are 
removed by going over the fish two or three times in c|uick succession 
with the right hand. The head is carried to the left side under the 



*The condition that permits the diHcernment of objects at a distanco of 10 to 20 
inches beneath the water Biirface, the method of registration employed by the Wash- 
ington (D. C.) aqueduct ollioe. 
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arui ami there retaineil by the arm, the tail being bent slightly upward 
witii the left hand. When the fish is properly adjusted its head is 
nearly concealed. The fish is held firmly over a moist pan, and with 
a moderate downward pressure of the right hand the eggs will flow 
freely if mature. The strokes are continued until there are signs of 
blood, which usually accompany the last eggs. The fingers should not 
touch the gills oi the fish, as laceration of these organs causes a flow of 
blood injurious to the eggs. Two fish may be stripped into each pan. 

As soon as the spawn is all obtained, the shad is discarded, it being 
imi)Ossible to preserve the life of such a delicate fish, even with the 
utmost care. But though it has slight tenacity of life when taken from 
the water, the shad is a very muscular fish, and if not firmly held it will 
flounder and splash in the pan of eggs and probably throw a large 
proportion out and damage some of those that remain. 

The first half teaspoonful of eggs should be pressed out into the 
palm of the left hand and inspected. Skilled operatives can usually 
discern ripeness by general outward appearance. A slow and yet 
almost positive test consists in running some of the eggs into water, 
when, if dead, they will have the appearance of boiled rice. But bad 
eggs are sometimes beyond the detection of the most skilled fish- 
culturists. If the eggs are white, opaque, or of milky appearance, the 
fish is put aside. Immature eggs are white, small, and adhering in 
clots; or they may be transparent and yet unyielding to pressure. 
The former are valueless, while the latter can sometimes be utilized by 
putting the fish aside to soften. Both ripe and green eggs sometimes 
occur in the same fish, but only expert operatives can hope to take the 
one and leave the other. If eggs are mature, but little pressure is 
necessary to start them, and if not, they are only injured J)y squeezing, 
and will either not flow at all, or will come away with diflBculty in clotted 
masses and generally with a little blood. After the spawn is taken 
away, the fish has a soft and flaccid appearance about the abdomen, 
which after natural spawning becomes contracted and drawn up, taper- 
ing slenderly toward the tail. 

Eggs ot the best grade may be impaired by intermixture of overripe 
or green ones, lumps of milt, tissues of the sperm sac, or fish scales. The 
overripe and unfertilized ones can be discarded, and a tiny net, an inch 
square, or a straw or twig, maybe used in removing foreign substances. 
The spawn-taker should clean the eggs before delivering them at the 
hatchery, and no subsequent care can compensate for his neglect. 
Experienced men rarely bring in bad eggs, unless as a result of vari- 
able and unfavorable weather conditions. 

To obtain the milt the spawn-taker catches the fish by the back, 
taking hold of the under side with the right hand. Without relaxing 
pressure at any point the milt is forced out with the thumb and fore- 
finger. Good milt is so thin that it flows in a steady stream, and from 
some fish it can be ejected widely over the surface of the eggs, but in 
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fish which have been dead some minutes the milt is himpy and flows 
only in drops. A teaspoonful will fertilize 40,000 to 75,000. After the 
milt has been applied, from half a pint to a pint of water from the river 
is added and the pan given a slow rotary motion, continued till the milt 
is thoroughly mixed, when a milky appearance is imparted to the water. 
When the river water is turbid, clear water must be obtained before work 
is commenced. 

In gill-net boats eggs thus treated will expand without further imme- 
diate attention, for there is sufficient motion from the boat to prevent 
clotting; shad eggs do not << cement" when the milt is applied to them, 
as in the case with salmon and trout eggs; but they adhere, and if left 
perfectly quiet, as on shore, a large proportion will be lifeless. Those 
comprising the lower strata may either lack sufficient expansive power 
to absorb water under weight of the others, or in the suction of each 
separate egg, in the natural tendency to absorb water, they may have 
a cupping effect upon one another, thus preventing water contact. 
Whatever the cause, they stick together in one mass, and only those 
of the upper layers receive sufficient water; the others remain under- 
sized and die. Large quantities of eggs must be separated, either by 
agitating the water already in the pan or by the addition of more. 

In one minute after thorough mixing the milt can be washed off with 
safety, but usually several pans are to be looked after, when the milt 
may be allowed to remain 5, 10, or even 15 minutes. After the last 
pan of eggs has been fertilized, they are rinsed, beginning with those 
first taken, by pouring in a quart of water, placing the edge of the 
dipper so that the stream is directed between the eggs and the sides 
of the pan, as the eggs may be injured if the water is poured directly 
upon them. Then the pan is oscillated, the water being drained over 
the edge slowly, and, the operation being repeated, the third quart of 
water is left upon the eggs. The eggs must be well stirred with the 
inflowing water. 

There need be no fear of applying too much milt. The amount 
obtained from one fish may be ample for the eggs from two, but it is 
always better to employ two males. Eggs may look promising for two 
or three hours, yet never expand to full size or produce fish. They lie 
at the bottom, and underneath any good ones which may be in the 
pan; they stick to the fingers, while the good ones will not, nor can 
tliey be successfdlly removed from hatching-jars until after several 
days' decomposition. By using two pans, good eggs may be separated 
from bad by pouring, but the process is slow and there is usually no 
time in the hatcheries for such operations. 

Good eggs are very transparent and so soft and light that they are 
not apparent to the touch when the fingers are moved among them. 
When the temperature is about 70^, no change is observed for about 
12 or 13 minutes after the milt is added, but about this time a careful 
movement of the fingers in the pan discloses their presence, and in a 
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little more than 20 minntfiB from the time the milt is applied they feel 
like shot against the fingers, and to an experienced eye are observed 
to increase slightly in eize; when a day old, they vill not break if 
dropped to the floor. In tranafening to other Teasels, the rim of the 
smaller pan should be gently immersed beneath the water surface in the 
jarger one, and the pouring take place gradnally. To prevent splashing, 
in boats, a small pan should be pat on the water snr&ce of the larger 
pan. Sadden jars mast be avoided, all foreign sabstancee excluded, and 
the pans be free from grease and salt. After the application of milt 
they expand to full size in 20 to 60 minutes, depending partly on tem- 
perature, and at tliis stage they may be doubled ap in the larger puts, the 
question of safety in moving them being determined by their hardness. 



Fbds used iu cleimiDg OSK^ 

When eggs are received at the station, in order to thoroughly remove 
all impurities they are passed through netting, and for this purpose, 
two 18-inch flared tin pans with handles, one pan fitting within the 
other, are employed; 2 inches of the bottom part of the inner pan are 
evenly cut off and replaced with quarter-inch (bar) twine netting. The 
lon-er pan is filled with water to a point just above the netUng, and 
then several quarts of eggs are gently x>oared in , when they drop through 
the meshes, leaving the fish scales, etc., t>eliind. Thus they are also 
given a change of water, which should be clean and fresh and of about 
the same temperature as that iu the hatubery and river. 

If the eggs have absorbed saflicient water in the spawn-pan, they 
swell and adhere to each other, forming a compact mass, and are ready 
to be transferred to the batching-Jars, but if they are not sufficiently 
expanded or *' water-hardened," they must remain in the pans, from 30 
to Git minutes being reciuired for their full expansion. 
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HATOHBBIES AND EQUIPMENT. 

The bnildiug for a shud-hatchery may be of a temtiorary character, as 
it is nsed only about two mouths each year, but ample light, space, 
ventilatioQ, and arraiigemODts for moderate heatiDg are necessary. The 
steam boiler and pumps should be in a separate structure. 

Iti exceptional cases, as at Central Station, in Washington, river 
water from city pipes can be utilized. If the water supply is taken 
directly fi«m the river the suction should be pat below low-wat«r mark, 
and the end provided with a strainer and kept off the bottom to avoid 
sediment. The water should be supplied from an open tank, not by a 
force-pump, but if it is taken A-om municipal pipes a regulator may be 
employed. A &11 of 16 feet isdesirable, or 8 pounds pressure per square 
inch at the top of the hatching-jars. The amount required is 2 quarts 
per minute to each jar. 
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8h»il-liatohing table. 

The jars are arranged on tables, as shown in the cut. From a large 
iron pipe, branch piping of IJ to 2 inches diameter is run over each 
table, where ^-inch brass pet-cocks are inserted 6 inches apart. The 
jars are connected with the supply-pipes by half-inch rubber tubing. 
Tight drains are required to carry away the waste water. Collector- 
tanks for fty are rectangular and may be of glass or wood, the former 
possibly preferred. 
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The overflow from the collectors is gaarded by a wire-gaoze or cheese- 
clotti Ktrainer. A safe and iotercbangeable device ooaeists of a stout 
wire ft^iiie, over Thicb a cheeBe-cloth bag is drawn and tied. A 
;,' inch robber bose is attached to tlie opening in tbe frame. The 
strainer ia pjit inside among the fry, and the outflow in an overflow cop. 
The overflow cop is set at the proi>er height to oontrol tbe water level 
in tbe collector-tank. Loag-baudled nets of tVi°ch mesh are required 
to remove egg lumps or other matter from the jars. 

THB AUTOMATIC HATOHING-JAB. 
The TTnited States Fish Commission, in the development of its 
work, bad preseutod to it the uecesslty of deaUng with the eggs of the 
whiteflsh and the shad npon a 
scale unprecedented in tbe his- 
i tory of flsh-colture. MiUious 
were to be handled instead of 
thonsanda, and the removal of 
dead eggs by hand pii^kiug was 
no longer to be considered. 
After sncoessive experiments 
the McDonald automatic hatch- 
ing-jar was devised, and it ia 
now generally employed. 

The most meritorious feature 
of this apparatus is that it 
prevents the development of 
the saprolegnious fangus, which 
caused so great a mortality in 
some other forms of hatching 
contrivances iu which all the ova 
were not iii continual movement. 
The very gradual, gentle, and 
continual rolling movement of 
tbe ova upon each other in the 
jar apptu-ently prevents the 
Automatic 8h»d-hatchinKJ»r. ^^^^ ^f ^1,^ f^^^^^ j^^ ^. 

hering. The cleanliness of tbe apparatus is also advantageous, and as 
the material of whii;li it ia made is glass, the progress of development 
can be watched satisfactorily from the outside of the jar with a hand 
glass or [>ocket lens of moderate power. 

The jar is a cyliudrical glass vessel, of about 7 quarts' capacity, 
with hemispherical bottom, supported upon three glass legs. The top 
is matle with threads to re<»ive a screw capi It is closed by a metallic 
disk perforated with two holes five-eighths inch iu diameter — one in 
the center admits the glass tube that introduces the water into the 
jar, the other, equally distant from the central hole and the edge of 
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the metal plat«, ndmita tbe glass tube which carries off the waste 
water. The central tube is coDuected by half-inch rubber tubiug with 
tbe pet-cock, which regulates tbe supply of water. A groove in the 
inner surface of the metallic plate carries a rubber collar, and when 
the plate is in place the tighteniDg of the metallic screw-cap seals Ihe 
opening hermetically. Both the inlet and outlet tubes pass through 
stuSing-boxes provided with gnm-waahers and binding-screws. The 
central or feed tube is provided with stufBng-boxes, one on tbe top of 
tbe disk and one on the bottom, the better to bold it to a true center. 
The outlet tube is provided with only one atufflng-box, aud the binding- 
ring is beveled. 

In preparing the jar for work the side tube is fitted first. The glass 
tube should be wet, the gam-washer slipped on the tube about an inch 
from the end and introduced into the opening. Holding the tube per- 
pendicularly to the face of the plate, press fairly ou the tube, and the 
washer, rolling on itself, will fall into the seat provided for it. Screw 
ou the binding- 
ring, and tent by 
seeing that tbe 
tube slides &eely 
back aud forth in 
the stuffing-bozj 
if not, it should 
be refitted with a 
heavier or lighter 
washer, as maybe 
regnired. Glass 
tubes can not be 
procnred of abso- 

luteuniformityia Kgg Funnel. 

size. Water is the only lubricant that should be used about the jar 
fittings. 

The jar, after being washed clean, is filled with fresh water. A 
shallow tin funnel with a perforated rim is inserted, so that the water 
will stand as high in the fnnnel-throat as possible, and tbe eggs are 
poured in by dipperfuls, or when taken from transportation trays are 
washed in by a jet of water. Care is used to have the eggs fall but a 
short distance, and no hsh scales or other foreign matter should enter 
tbe jar \iith them, as the preseuce of anything but water and eggs ren- 
ders a proper motion of the mass impossible, and usually resnits in the 
loss of a large ]troportiou of the eggs. The requisite number of eggs, 
80,000 to 100,000, being in the jar, it is put in position and closed, 
care being taken that both the inlet and outlet tubes slide freely in 
their stnfBng-boxes. If the tabes become gummed, let water trickie 
down around the binding-sorewa. To close the Jar, turn on the water, 
place the feed-tube in the jar, turning off the water immediately after 
the feed-tnbe has passetl beneath the surface of the water in tlie .j:ur, 
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thas expelling all the air from the feed-tube: otherwise it would rise 
in bubbles, throwing a portion of the egg^A out through the outlet-tube. 

With a proper quantity of semi-buoyant eggs in the jar and the 
water turned on and regulated, the movement of the current estab- 
lishes a regular boiling motion in the mass of eggs, which brings each 
in succession to the surface. This motion may be regulated without 
altering the quantity of water. By loosening the upper binding-screw 
of the central stufting-box, and pushing the feed-tube down until it 
almost comes in contact with the bottom of the jar, the motion of the 
eggs is increased, if the jar is working properly, the dead eggs when 
brought to the surfiace remain on top, forming a distinct layer, and by 
pushing down the outlet tube a suitable distance they are lifted ui> 
by the escaping current and taken out. 

When the water is turned on for the first time the jar should be 
watched closely until a regular motion has been established. When 
eggs have stood 15 or 20 minutes in the jar before the water is turned 
on they do not readily yield to the boiling motion, but tend to rise in a 
solid mass to the top of the jar. By quickly starting and stopping the 
current the mass is readily disintegrated. The degree or intensity of 
motion of the eggs varies not only with their age and condition, but also 
with the condition of the water. If the water is muddy, the motion 
should be rapid enough to prevent mud settling either on the eggs or in 
tlie bottom of the jar. Ordinarily the best motion is that which readily 
brings the dead eggs to the surface. After the hatching has progressed 
far enough to disx>ose of a portion of the eggs there is less resistance to 
the current, and it should be reduced by shutting off part of the supply 
or by slightly lifting the central tube. If the motion is not reduced 
from time to time as the hatching progresses, shells will be carried over 
into the receiving-tank with the fish and, being very light, will be drawn 
against the outlet screen, causing an overflow. The motion should be 
so gentle at the time of the greatest hatching as barely to induce the fish 
to swim out of the jar and leave their cast-oft' shells behind. 

V^ry healthy eggs, exposed to bright direct sunshine, hatch so rapidly 
that the combined eftbrt of the swarming mass of young fish will 
establish sufficient current to draw some shells over into the receiving- 
tank. This may be modified by placing a screen between the jar and 
the li^lit. The shells under normal conditions remain and form a 
cloud-like layer above the mass of working eggs. As they accumulate 
they should be removed by shoving down the outlet- tube until they are 
drawn up with the escaping water. A good plan is to draw several 
jars in succession into a large pan, whence any fish coming over with 
the shells may be ladled into the receiving- tank. 

A remnant of eggs may be long in hatching, and they should be 
]K)ured into a large, clean, bright pan and exjiosed to bright sunlight, 
when they will hatch in five or ten minutes. 

If the connection of the jar must be broken, it is essential that tho 
rubber feed-tube does not drop down and siphon the eggs from the jar. 
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III reconnecting, tbe air may be expelled with the metal top screwed 
down in position. To effect this, draw both glass tubes up to the top of 
the jar and turn on a full head of water, when the air will be forced out 
in bubbles above the eggs, the bubbles escaping through the outlet 
tube. The central tube is now restored to its former position. The 
aiitomatic action permits entire separation of bad from good eggs, 
tbough some days may be required to accomplish the full result. The 
dead become lighter from gases arising from decomposition. A net, 
small enough to easily enter the mouth of the jar and fixed to a handle 
several inches longer than the jar, is convenient for removing particles 
of foreign matter. 

Shad eggs are semi-buoyant, and those which will not rise commence 
lumping on the third or fourth day. The usual period of hatching is 
from 6 to 10 days, sometimes longer, according to temperature of water, 
but with high temperature they will hatch in 3 days. Fry hatched in 
less than 5 days are usually, tbough not always, weak. In general, the 
lyeriod of incubation varies inversely with the prevailing temperature, 
but continuous dark and cloudy days will retard and strong light will 
accelerate development under precisely the same conditions of water 
temperature, and other circumstances not well understood may also 
have their influence. 

Fry when hatched are about 0.37 inch long. They have been meas- 
ured at intervals of from 6 to 15 days, from late in May to the middle 
of October. Toward the middle of August the rate in growth dimin- 
ishes. When 9 days old they are about 0.62 inch long. Fry 0.5 inch 
long July 20th were 0.75 inch long 8 days later; on August 14th, 2 to 
2.25 inches; September 20th, 3 to 4 inches; October 1st, 4 to 4 J inches; 
November 4th, 5 to 7 inches. Some years they grow faster than others, 
and in some streams more rapidly than in others. From the State fish- 
ponds at Ealeigh, North Carolina, 33 were removed in November, 1884, 
which measured 8 to 9 inches. Their usual size in the Potomac in the 
fall is 3 to 4 inches. 

MEASURING THE EGGS AND FBY. 

To estimate the number of eggs and of the young fry was for years 
rather a difficult matter to accomplish satisfactorily. The standard 
made use of at the outset was undoubtedly much too high. The scale 
most used at present is a light square, made of wood, the longer leg 
• being 15 inches and the shorter 7^ inches long. The material is J inch 
wide and J inch thick. The graduations are on the longer leg, and 
read from the lower end upward. The first line is at a height corre- 
sponding to the level attained in the jar by a measured half-pint of 
water, and the succeeding lines are determined by the introduction of 
additional half-pints of water. When the scale is being constructed, 
the central glass tube is stopped at the lower end that it may displace 
an amount of water equal to the amount of eggs it will displace in 
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practice. Each line on the measnriDg stick regieters 7,000 shad eggs. 
TIio number of egga in a liquid pint is established by actual count. 
Those which are very young or have been lately on trays are not of 
normal size and not qualified for measurement. The eggs are at rest 
when measured. 

The jar contents are determined by jtlacing the short leg of the 

measiiring-Rtick over the top, with the other pointing downwanl and 

touching the side of the jar. The number is indicated on the scale at 

the point o[){)Osite the surface of the bnlk of the eggs. Scarcely any ' 

ftemi-buoyant eggs die, under proi>er conditions, after hatching out has 

commenced, and a close approximation to the number of fry may be 

obtained from the Iivst measurement, which is 

made after the careful removal of all dead eggs 

and the bursting forth of the first young, 

FEEDING AND BEARIHG. 

The youDg shad swims vigorously, by rapid 
and <'(iDtinuoufl vibration of the tail, from the 
moment it leaves the egg. It is colorless, trans- 
parent, and gclatinouH. Several hundred in a 
dipper jire scarcely discernible. It has a rela- 
tively large yolk-sac, but supports it with ease 
during the first four or five days after hatching, 
the small quantity remaining nft«r this time not 
being visible externally, although found in shad 
fry 14 to Hi days old. Minute conical teeth make 
their iippearance on the lower jaws and in the 
pharynx about the Ke<rond or tliinl day after 
hatching. The jaws at three months are armed 
with teeth slightly curved. 

Yonng shad feed on other minute organisms, 
such as exceedingly small cnistaceana. Food 
has never been observed in the iilimentary canal 
until ten or twelve days after the young fish hatl 

_ left the egg. At about the middle of thesecoinl 

Application of ft mewnr- week considerable may be seen, bnt the intestine 
tiigBraloioiijurofsbad jg then not often very densely packed. At the 
«SB«- age of three weeks an abundance of food is 

found. They have been known at this early age to eat their own kind, 
and later the yonng carp and salmon. When cold, raw winds drive 
the crustat^eaiiB into dee])er water, the young shad follow them, and 
ill aquaria they take Crustacea freely. In saltwater aquaria they may 
be fed upon chopped oysters and esinned herring-roe. 

Experiments with young 8ha<l have been carried on for several years 
!it Central Station in salt-water a<|tniria. On one o<ica«ion abont 250 
were reci'ived in October, at which time tht-y were about five months 
olil. They were put in brackish water, specific gravity 1.005, which 
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was added to from day to day for nearly a week, when it was brouglit 
up to 1.018, or the same specific gravity as the water used in the marine 
aqaaria. At the time these were placed in the brackish water others 
were pnt into fresh-water aquaria, but the latter died within three 
days. Those in salt water began in two or three days to take food, 
consisting of chopped oysters, clams, and beef, the preference being 
for oysters. At first they would take food only when it was sinking, 
later they began taking it off plants where it had lodged, and finally 
from the bottom. Nearly all remained healthy, plump, and active for 
six months, some living until about midsummer. 

For ten years past two or three million shad fry have been reared 
annually at the Fish Ponds, Washington, D. C. A 6-acre x)ond is used, 
the water supply being taken from the city water- works. The depth 
varies from 2 to 3 feet, and throughout the whole extent there is a dense 
growth of water-plants, among which crustacean food multiplies — ^new 
supplies being brought in from the water-pipes. Fingerling shad are 
so tender that the numbers annually liberated can not be ascertained ; 
they can not withstand the handling consequent upon counting them, 
not even undergoing transfer in dippers of water, and their scales drop 
off on being touched; consequently at high tide they are liberated into 
the Potomac through a sluice-gate with an outlet pipe about 2 feet in 
diameter. They require some days to make their escape. By conserva 
tive estimate 50 to 60 i>er cent are held safely until about October. 

Bearing has been experimentally tested at Wytheville and Neosho 
with good results. At Neosho on the 3d of June, 1892, 700,000 fry were 
received from Gloucester, N. J.; their growth was satisfactory. In 
preparing for their release the hatchery branch was cleared of shoals, 
drifts, and aquatic plants for three-quarters of a mile, and early in 
November, when the branch was swollen with rain water, 200,000 
6-months-old fish were allowed to pass through open gates; they were 
some hours in escaping, in a continuous silvery mass. These were the 
first fingerling shad planted in waters tributary to the Gulf of Mexico. 

TRANSPORTATION. 

Good, healthy fry will pass from the jar to the collector -tank as fast 
as hatched, and unless too thick will not lie on the bottom of the tank, 
although they sometimes crowd on the side nearest the strongest rays 
of light. As many as 500,000 to 800,000 are collected in each tank. 
In transporting, they must be kept in vessels with smooth surfaces, 
preferably tin-lined cans. Zinc vessels are destructive, and galvanized 
cans are not recommended. 

About 2,000 to 3,000 fry are put to a gallon of water, which must be 
pure enough for ordinary drinking purposes and well aerated. The 
water in the cans must be kept at 58° to 05^, though in rivers and 
ponds the fry endure a temperature of 90^ F. 

As early as 1874, experiments were carried on to retard tlie develop 
ment of eggs, in order to provide a longer period between the delivery 
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of the eggs from tlie parent fish aud tbe abaorptioii of tbe yolksiic. 
EggH, when transported, were placed on trays and pat under molting 
ice, an<l later experiments have been conducted inside refrigerator '^^ 
boxes. ' '^ 

Pathological changes or deformities are induced in the embryos when 
subjected to too low a temperature or when held long enough on damp ''^^ 
Hannei trays (ordinary air temperatures) to hatch. '^^\ 

It would apiiear that 55° to 53^ is the lowest temperature in which *''* 
ova will safely undergo their normal development and 9 days is tbe ^ 
longest period of incubation attainable at that temperature — time snffi- '^^^ 
cient, when added to the several days required for the young to absorb ^-^ 
the yolk-sac, to ship them to Europe, though efforts in this direction ^ 
have thus far failed. One drawback is the rapid development of fun- ^^ 
gus, which grows over the eggs, penetrates the membranes, and kills * 

the ova. 

The eggs are shipped in crates of 20 shallow trays, the frames of the 
latter being of wood with bottoms of wire mesh about 8 to the linear 
inch. Wood and wire are painted with asphaltum. Each tray is -"^ 

covered with cheese-cloth, somewhat overlapping the edges, the clotbs - 

being hemmed, to avoid ravelings. There are two frames of wood, ^ 

connected with leather straps; one the base and the other the cover for 
the stack of trays. The trays, after being filled with eggs, are wrapped ^ 

in a long, cotton -goods apron and strapped together. There is an iron 
handle on tbe top frame, and the lowermost tray is put down empty 
with the wire surface upward. Then follow the trays containing eggs, 
the uppermost one being put on empty with the wire surface up. The 
top and bottom trays are merely to protect the others. 

The greater part of the water above the eggs is poured off from the 
jars and the remainder poured into tin pans along with the eggs. 
The cloths, after soaking in water, are arranged one by one on the 
trays and tucked closely into the four corners. The trays are stacked 
up and eggs poured evenly over the surface of the top one with a • 

large dipper, and each tray, when filled, is put on the crate base. The 
surplus water drains away to the manipulating table. Tray cloths , 
whi<!h are made of material too closely woven to let the water through 
are unsuitable. 

The eggs are bailed up in dippers with the water that they are in, and 
usually spread two layers deep, but may be put on more thickly. When 
eighteen trays are filled they are wrapped in the outer cloth, previously 
soaked in water, and tightly buckled together. The crate covers and 
tray cloths are boiled in water each time after use. 

Each tray — 14 by 19 inches area, with two layers of eggs — ^holds 
about 20,000 eggs, the contents of a full crate representing from 300,000 
to 400,(K)0 eggs. While in transit the crates are sprinkled with river 
water on the sides at least once an hour, and kept in the shade, away 
from the cooling influence of the wind, to preserve even temperature. 
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TRANSPLANTING. 



Tlie j[>ropagation of shad is mainly carried on to maintain or increase 
the supply in rivers where the species is native, but this fish has also 
been planted in waters in which it was either unknown or found in 
small quantities. Large numbers of fry have been liberated in tribu- 
taries of the Gulf of Mexico, but without marked results. Between 
1873 and 1892 several million fry were experimentally placed in Great 
Salt Liake, Ftah Lake, and Bear Lake, Utah ; and from 1884 to 1886, 
3,000,000 fry were liberated in the Colorado Eiver at the Keedles, in 
Arizona, but these experiments were unsuccessful. 

Remarkable success has, however, attended the stocking of the 

waters of the Pacific coast. In 1871, 12,000 shad fry from the Hudson 

Biver were liberated in the Sacramento Biver by the Oaliforuia Fish 

Commission, and in 1873 the United States Oom mission made a second 

deposit of 35,000. Subsequent plants in the Sacramento, aggregating 

OOOjOOOj were made by the United States Commission from 1876 to 

1880. From these small colonies, amounting to less than 1 per cent of 

the number now annually planted in the Atlantic Slope rivers, the shad 

bave multiplied and distributed themselves along nearly* 3,000 miles 

of the coast from southern California to southeastern Alaska. They 

reached Bogue Biver, Oregon, in 1882. In the Columbia a few were 

taken as early as 1876 or 1877. About 1881 or 1882 they were on the 

coast of Washington, reaching Puget Sound in 1882. They appeared 

in the Fraser Biver, British Columbia, in 1891; in the Stikine Biver, 

near Wrangell Island, Alaska, the same year, and are newfound along 

the entire coast from Los Angeles County, Cal., to Chilkat, Alaska, 

covering 22 degrees of latitude. Their distribution, from the standpoint 

of commercial importance, is from Monterey Bay to Puget Sound, 

On the northern part of the coast the first shad fry were introduced in 
1885, the number being 60,000. Of these, 60,000 were put in the Willa- 
mette Biver and 10,000 in the SnakeBiver. The following year 850,000 
were introduced into the Columbia Biver. 

The shad is now one of the most abundant fishes of California. As 
a result of the liberation of the first two consignments, adult shad were 
caught in 1874, and by 1876 this fish had become numerous. In 1880 
specimens of all sizes were taken in the Sacramento Biver and Monterey 
Bay, and it was evident that the shad had begun to multiply, its increase 
ap to 1883 being marvelous. It is most numerous on the west coast in 
Sail Francisco Bay and its tributaries, where, contrary to its habits in 
Atlantic waters, it is found throughout the year. It is not common 
above Sacramento, owing to the low water temperature. In the Col- 
umbia it is regularly found as far as the Cascades, about 150 miles above 
the mouth of the river. 

P.M. — ig 
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MICROPtEfiUS D 



THE BLACK BASSES, CRAPPIES, AND ROCK BASS. 



DESCBIPTION OF THE FISHES, COMMON NAMES, ETC. 

The species treated of in this chapter are those members of the 
Centrarchidae (or fresh-water sunfishes) which have come under the 
scope of lish-culture, namely, the large-mouth black bass {Micropterus 
salmoides)^ the small-mouth black bass (Micropterus dolomien), the rock 
bass (AmblopUtes rupe8tri8)j the crappie {Pomoxis annulari8)j and the 
calico bass (Pomoxis sparoides). Whatever is said of the rock bass will 
apply equally well to other sunfishes, which might be here considered 
but which have not been artificially feared. 

The principal physical characters of these fishes are indicated nn the 
following key, which serves to distinguish the two species of black bass 
and the two species of crappie from each other as well as from less 
closely related species. 

Large-mouth black bass : Body comparatively long, the depth about 
one- third the length; back little elevated; head large, 3 to 3^ in body; 
eye 5 to 6 in head; mouth very large, the maxillary in adults extending 
beyond eye, smaller in young. Ten rows of scales on the cheeks; body 
scales large, about 68 in the lateral line, and 7 above and 16 below the 
line. Dorsal fin low, deeply notched, larger than anal, with 10 spines and 
12 or 13 soft rays; anal with 3 spines and 10 or 11 rays. Color above 
dark-green, sides greenish-silvery, belly white; young with a blackish 
band along sides from opercle to tail, the band breaking up and growing 
paler with age; caudal fin pale at base, white on edge and black between ; 
older specimens almost uniformly dull greenish; three dark oblique 
stripes across opercle and cheek ; dark blotch on opercle. 

Small-mouth bla^cJc bass : Similar in form to large-mouth bass. Mouth 
smaller, the maxillary terminating in front of posterior edge of eye, 
except in very old specimens. About 17 rows of small scales on the 
cheeks; body scales small, 11-74-17. Dorsal fin less deeply notched 
than in other species, with 10 spines and 13 to 15 rays; anal with 3 
spines and 12 or 13 rays. General color dull golden-green, belly white; 
young with dark spots along sides tending to form irregular vertical 
bars, but never a lateral band; caudal tin yellowish at base, white at 
tip, with dark intervening area; dorsal with bronze spots and dusky 
edge; three radiating bronze stripes extending backward from eye; 
dusky spot on point of opercle. 

Crappie : Body short, greatly compressed, back much elevated ; depth 
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2^ in length; eye large^ one-foarth length of head; head long, 3 in 
length; profile with donble curve; month Inrge, snout projecting. 
Scales on cheeks in 4 or 5 rows; scales in lateral line 3G to 48. DorsskI 
fin smaller than anal, with 6 spines and 15 rays, the spinous part the 
shorter; anal with 6 spines and 18 rays; dorsal and anal fins very 
high. Color silvery white or olive, with mottlings of dark green; the 
markings mostly on upper part of body and tending to form narrow, 
irregular vertical bars; dorsal and caudal fins with dark markings; 
anal nearly plain. The figure of this 8)»ecies on the opposite page is 
scarcely typical in the pattern of markings. 

Calico ha^s: Similar in form to crappie, but the body shorter, back 
more elevated, and profile of head straighter; depth, one-half length; 
head one- third length; mouth smaller than in crappie; snout less pro- 
jecting. Six rows of scales on cheeks, and 40 to 45 along lateral line. 
Dorsal and anal fins higher than iu crappie ; dorsal spines 7 or 8, rays L5; 
anal spines G, rays 17 or 18. Color light silvery-green, with dark -green 
irregular mottlings over entire body; dorsal, caudal, and anal fins with 
dark -olive reticulations surrounding pale areas; whole body sometimes 
with a delicate pink reflection (whence the name strawberry bass). 

Rock bass: Body oblong, compressed, back moderately elevated; 
depth 2 to 2^ in length ; head large, 2| in length ; eye very large, 3J 
in head. Scales 5-39-12, in G to 8 rows on cheeks. Dorsal fin much 
larger than anal, with 11 spines and 10 rays; anal, with spines and 
10 rays. Opercle ending iu two flat points; gillrakers less than 10. 
Color olive-green, with brassy reflections; young irregularly barred 
and blotched with black; adult with a dark spot at base of each scale, 
forming interrupted and inconspicuous stripes ; a black spot on opercle; 
anal, caudal, and soft dorsal fins with dark mottlings. 

The most reliable character for distinguishing the large-mouth from 
the sinall-mouth bass is the number of rows of scales on the cheeks. 
The colors of each species vary with ago and the size of the mouth 
varies with the size of the fish, but the scales^ are constant under all 
conditions. With the crappies, the lea<ling difl'erential feature is the 
number of dorsal spines. 

By reason of their wide geographical range, the black basses have 
received a multiplicity of popular names. The large mouth black bass 
Is known as Oswego bass, lake bass, green bass, yellow bass, moss 
bass, bayou bass, trout, jumper, chub, and Welshman. In the North it 
is generally called black bass; in Virginia and North Carolina it is 
usually designated as the chub, and in Florida and tlie Southern States 
it is often called trout. The small mouth black bass has received the 
common names of lake bass, brown bass, ninny bass, hog bass, black 
perch (used in tlie mountain sections of Virginia, Tennessee, and North 
Carolina) trout perch, brown trout, jumper, mountain trout, together 
with other names of purely local use. 

liock bass are variously known as red-eye, red-eye perch, and goggle- 
eye, and are sometimes confounded with the warmouth {Ghcenobrytttis 
guhsus), which bears some of the same common names. 
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The calico bass has also received tLe uames of strawberry bass, grass 
bass, bitter-head, barfisli, lamplighter, goggle-eye, goggle-t^ye percli, 
speckled perch, and speckled trout. The crappie is kuowu in its native 
waters as crappie, new light, campbellite, sac-a-lait, baclielor, cliiuqiia- 
piu jierch, croppie, and cropet. Oii account of the siuilnrity of the 



PUMOMS AKMUUMtlS. Crappit. 



POMOXIS SPAltoiDKS, CaUco Baea, Slrairbtrry llaai. 
calico bass and crappie, anglers and fish-culturists frequently confound 
the two, the comiuon aiid local names often iieing used interchangeably 
throughont the regions to which Imth are native. 

Possibly no common name of the black bass is more appropriate than 
"jumper" which is applied in certain parts of Kentucky. It i.s difficnlt 
to capture tbem with a seine rigged in the ordinary manner, specially 
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when tbey have tbe vitality and activity which ia usual when living in 
water of moderate temiwrature, and in collecting brood etock it is well 
to use a seine about three times tbe depth of the water, as the bagging 
of a seine ao rigged confuses tbe Ssh and deters them from jumping. 
While the black baes of the colder uortheru waters make a fight worthy 
of the salmon, they may be taken from the waters of the south with 
hardly a struggle. 

Itock bass are exceedingly pugnacious, and sometimes seem to take 
the hook rather on this account than from a desire for foml. They are 
well adapted for )>ond -culture, and under proper conditions will repay 
the culturist in a large cropof young with the exi>euditut'e of very little 
labor and time. 



AmIII.OPLITE!! 

The cahco bass is a fairly game fighter, and its firm, white flesh has 
aUne liavor when the fish ia taken from cool, pure waters; but it is a 
very delicate flsh to propagate artificially. It seems to resent captivity, 
and especially when taken from warm waters is exceedingly tender, 
quick to yield to attacks of fungus, and liable t« become blind and die. 
Of large numbers collected and transplanted in new waters many have 
died within a few days after being dejKtsitcd. 

The spawning and breeding habits of the calico bass and the crappio 
are so nearly like those of the rock bass that special remarks on the 
subject do not appear m^eessary, 

OROWTH AND WEIGHT. 

There is a wide difference in the rate of growth, and there is no way 
by which the nge of a black bass can be determined I'rom its size. 
Some are comparatively large from the moment they are hatched, and 
grow much more rapidly than the smaller members of the same school. 
The average size of adults varies in diR'ereut localities, and may vary 
from year to year in any particular locality. The variations depend 
ui>on initial vitality, upon the scarcity or abundance of food, and upon 
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the range aud space given the fish. At the age of 5 or 6 months the 
young bass measure from 4 to 8 inches, according to locality and sur- 
roundings, though a few individuals are apt to run larger. In 1892, at 
Neosho station, a black bass, which was positively known to be under 
18 months old, weighed on the scales 1 pound 9J ounces. 

The large-mouth bass have been known to weigh 23 pounds, and a 
Gpound or 8-pound bass in the southern tributaries of the Mississippi 
and in the inland lakes of Florida excites no surprise. The small-mouth 
bass does not grow so large, 2^ pounds probably exceeding their aver- 
age size, though they occasionally reach 5 or 6 pounds. The rock-bass 
fry grow slowly, those 6 months old seldom averaging 2 inches in length. 
The adult usually weighs from ^ to J pound, occasionally reaching 1 
ponnd ; and examples have been recorded as high as 3 pounds. 

The crappie and the strawberry bass* will, as a rule, not exceed 1 
pound in weight, though in Missouri the former has been taken as high 
as 3 pounds. With similar environments, at 6 months old the young 
of both these species are about the size of black-bass fry of the same 
age, possibly a little smaller. Each school will have a few individuals 
much larger than the majority. 

NATURAL HABITAT AND DISTRIBUTION. 

The large-mouth and small-mouth black basses are widely distrib- 
uted. The large-mouth is indigenous from the Great Lakes and the Bed 
River of the North to Florida, Texas, and Mexico, and west to the Dako- 
tas, Nebraska, and Kansas. The small-mouth bass ranged formerly 
from Lake Ghamplain to Manitoba, and southward on both sides of the 
Alleghenies to South Carolina and Arkansas. The adaptability of these 
fish to extremes of temperature and their great tenacity of life under 
seemingfly adverse conditions have made their distribution compara- 
tively easy, and they have been successfully introduced into nearly all 
the sections of the United States to which they were not native, and 
into England, France, Germany, and Finland. They have been planted 
in California, Washington, Utah, and other Western States by the U. S. 
Fish Commission. In three years they became so numerous in Utah 
that 30,000 pounds were caught and marketed from one lake. 

Two notable early instances of the successful transplanting of black 
bass in a primitive way may be mentioned, the fish being transferred in 
the tender of a locomotive — once in 1853, when the Potomac was stocked, 
and again in 1875, when, under the direction of the Commissioner of 
Fisheries of Virginia, adult black bass were removed from the Koanoke 
River across the divide to the New River, a tributary of the Kanawha. 
Up to 1875 the Kanawha contained no bass, and its edible fishes con- 
sisted almost entirely of cattish, but for the past ten or a dozen years 
thousands of bass have been taken from New River and its numerous 
tributaries, draining ten counties of Virginia and running through 
parts of North Carolina and West Virginia. New River was also suc- 
cessfully stocked with rock bass by the Virginia Fish Commission, the 
fish being brought from Holstou River, a tributary of the Tennessee in 
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Washington Coanty, Virginia, in Jane, 1876, and deposited in the 
smaller tributaries of New River, in Montgomery County, Virginia, 
whence they have colonized the entire New River basin. 

Few fish thrive in water of such extremes of temperature as the large- 
mouth black bass, and, to some extent, the small-mouth. The former 
are found in water covered with ice and in that standing at 100^ F. ; but 
with both species sudden changes of temperature are apt to prove fataL 

The small -mouth black bass seeks pure, rapid, fairly clear streams, 
and lives at higher elevations and in clearer waters than the large- 
mouth. In tbe northern part of its range it becomes torpid in winter, 
but in the warmer waters of the South it is active throughout the year. 
The large-mouth black bass also likes pure, clear water, but often 
inhabits the hot and stagnant bayous and ponds of the South. It has 
been seen in great numbers under conditions of high temperature and 
muddy water which would ordinarily be fatal to all forms of aquatic 
life except of a very low order. Many die in such cases, but numbers 
live for moutlis ana some possibly for years. Those from hot, stagnant 
waters, however, have a soft, flabby flesh, and are apt to be infested 
with parasites; they spoil quickly and are not ]>alatable. They do not 
voluntarily seek such unfavorable suiroundings, their presence there 
being attributable to accident. Tbe bass thus found in the Mississippi 
Valley have been left by spring freshets, and, failing to go out with the 
slowly receding waters, they reproduce in great numbers in the ponds 
and lakes temporarily formed in depressions of the laud. The neigh- 
boring areas are usually either rich alluvial meadows or swampy forests, 
from which the receding water drains an infinite quantity of natural 
food for the sustenance of the fish retained in the temporary ponds. 

The rock bass is indi|i;:enous to the Great Lakes region and Missis- 
sippi Valley, and there is evidence to show that it is native to certain 
streams on the east side of the Alleghanies. It has been successfully 
iutroduce<l into many new waters. In its native waters it is found in 
the winter months under ice, yet it stands a high summer temperature, 
though not so great as the black bass. The highest temperature to 
which it has been subjected at Neosho is 88^. In transportation this 
species seems to suffer from change of temperature as quickly as the 
black bass, with possibly this difference, that while the black bass 
seems to be more (juickly and fatally aft'ected by a change from high to 
low temperature, the opposite change more quickly and injuriously 
affects the rock bass. Though sometimes found in muddy bayous and 
in waters staine<l by decaying vegetation, the lock bass thrives better 
in clear, i)ure waters well stocked with aquatic plants. 

The natural habitat of the calico bass is the Great Lakes region, the 
entire Mississippi Valley south to Louisiana, and the streams of the 
Carolinas and Georgia east of tbe Alleghanies, while its close kin, the 
crappie, is confined to tbe Mississippi Valley, though sometimes taken 
in the Great Lakes region. The cjilico bass is said to need a higher 
temperature and clearer water than the crappie, but this is not certain 
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NATURAL FOOD, ETC. 

The natural food of the black basses varies greatly and is influenced 
by the spawning season, character and temperature of the water, and 
the weather. The adults are voracious and pugnacious, and devour 
other tish almost indiscriminately; their food comprises crawfish, 
minnows, frogs, tadpoles, worms, and mussels, while the young feed on 
insects and othjer minute forms of life folmd in water. 

At times both the large-mouth and the small-mouth bass refuse the 
most tempting bait, and at other times they bitv' greedily at almost 
everything. Various kinds of animals of a suitable size, even rats and 
snakes, and many varieties of vegetables, have been found in their 
stomachs, and in a wild state under some conditions they devour almost 
anything moving in or iuimediately over the surface of the water. 

The black basses afford perhaps the highest type among fishes of 
parental care and watchfulness, guarding their young until after the 
dispersal of the school of fry; but many of the young, so zealously 
protected early in the season, subsequently furnish food for adult bass, 
possibly their own progenitors. As with trout, bass of the same school 
of young vary in size, and the larger prey mercilessly on the weaker, often 
attacking their own kind, even when other natural food is abundant. 

COMMERCIAL IMPORTANCE. 

The market value to the fishermen of the black bass taken in the 
United States amounts to about $130,000 annually, a sum represent- 
ing over 2,000,000 pounds of fish. A large part of the bass caught, 
however, never reaches the market, being consumed by anglers and their 
friends. The indirect value of bass fishing to rural districts, in the 
expenditures of visiting sportsmen for boats, guides, teams, supjilies, 
and accommodations, is very great. 

Ten years ago it was said that black bass did not exist in sufficiently 
large numbers to ever become a staple ar4:icle of food, but they now 
furnish important additions to the food supply of many thousands of 
people. The annual sales in New York City are estimated to be at 
least 50,000 pounds, with an average value of 10 cents per pound. 
The States in which the black-bass fishery is most important are 
North Carolina and Ohio; in 1897, over 535,000 pounds, valued at 
$23,600, were caught for market in North Carolina; in Ohio, nearly 
300,000 i)ounds, worth over $22,000, were taken. Other States, in 
which there is an annual yield of over 100,000 pounds, are Arkansas, 
Florida, Minnesota, Missouri, and New York, and in about twenty 
other States this fish is of some commercial importance. The fishermen 
of Illinois ship nearly 50 tons of black bass to the markets annually. 

The annual catch ofcrappie for market, according to recent statis- 
tics, is about 850,000 pounds, having a first value of $39,000. The 
leading States in this fishery are Arkansas, Illinois, Minnesota, Mis- 
souri, and Tennessee, the three first named producing more than half the 
yearly yield. The market value of the rock bass is not large. Crappies 
are generally considered better food-fish than the rock bass and enter 
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much more largely into commerce. As with black bass, a very large 
percentage of the catch of crappies, rock bass, and snnfishes does not 
reach the markets. 

LIMITATIONS OF BASS-CULTUBE. 

Unlike the shad and salmon,. the artificial propagation of black bass, 
by taking and impregnating the eggs, has not been, up to the present 
time, practically successful. The egg^ can only be stripped with great 
difficulty, and it has been necessary to kill the male to obtain the milt. 
Another obstacle is the difficulty of obtaining eggs and milt at the 
same time, even when the fish are taken from over the nest« apparently 
in the act of spawning. Interruption or handling seems to prevent the 
discharge of eggs or milt. At Neosho unsuccessful efforts were made 
daily for several weeks to spawn a female black bass which was so near 
the point of spawning that when held head downward the eggs could be 
seen to roll forward toward the head, and when reversed to drop in the 
opposite direction. 

Since a practicable way to artificially impregnate the eggs of the 
bass has not yet been developed, and the handling of eggs with indoor 
apparatus is impossible, it is fortunate that the natural impregnation 
of these fishes reaches a percentage closely approximating that which 
fish culturists have been able to secure by artificial means from other 
species, and also that the parental instinct is unusually developed. 
The first conditions make pond-culture necessary, and the second render 
it possible. The methods hereafter described are those in use at 
Keoslio station. 

ARTIFICIAL PONDS. 

The size of spawning-ponds for rearing bass depends largely on the 
amount of land available, its topography, and the water supply. 
Ponds not less than i acre in area, with the inlet at one end and the 
outlet at the other in the line of the longest axis, generally produce 
the best results, though smaller ponds have been successfully used. 

At least one- fourth of the pond should be not over 1 foot in depth, 
and this portion should be planted with pond-weed {Potamogeton) and 
water- weed ( Elodeaov Anacharis) to facilitate the production and growth 
of the minute animals which furnish so large a part of the food for the 
young bass. The rest of the pond should have a gradually sloping 
bottom and a consequent increase of depth to the kettle (or draw-off), 
where the water must be at least from 5 to i\ feet deep for the warm 
Southern States, and 8 to 10 feet deep for the Northern States, to pro- 
vide against tbc danger of freezing. In the middle third of the pond 
water-lilies should be planted, preferablj' tbose with large pads, such as 
Nymphea alba; these plants not only furnish the breeding fish a hiding- 
place from fish-hawks, but serve as sunshades during the summer. It 
is not advisable to place large bowlders in the pond, as they are in the 
way of seining or netting and furnish an acceptable resort for crawfish* 
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Nursery ponds should be constructed to afiford young bass protection 
from enemies and to produce the greatest quantity of insect life suited 
to their sustenance, and this is better accomplished with a number of 
small ponds than with one largaone. A good working size is from 40 
to 60 feet long by 12 to 15 feet wide, with a depth of from 30 to 36 inches 
for the "kettle." Where the topography of the ground will permit, it 
is best to have the nurseries immediately adjoining the spawning-pond, 
with the water supply from the same source,, so that there will be but 
slight difference between the temperature of the shallowest part of the 
nursery-pond and the surface water of the other. 

The young large-mouth bass is not a strong fish, and currents in the 
spawning and nursery ponds should be avoided for some time after the 
spawning period. 

If the locality is infested with crawfish, it is advisable to pile or other- 
wise protect the banks; and the entrance of snakes, frogs, and such 
enemies may be prevented by surrounding the pond with finely wovt-n 
screens, or, better,yet, boards let into the earth a few inches and pro- 
jecting above the ground. The pond should be supplied with the aquatic 
plants previously mentioned as desirable for the shallow parts of the 
spawning-pond. 

A spawning and nursery pond may be combined by constructing one 
comparatively long pond, narrow near the middle, so that the general 
shape will be like a dumb-bell with a very short handle. Across the 
narrow part is to be stretched a screen of .one- fourth inch wire cloth, 
which will confine' the spawners to the deeper end of the pond, while 
the fry,.following their instinct of moving upstream, will find their way 
through the screen into the upper shallower end. This form of pond is 
advantageous where for any reason only a few ponds can be built. 

In addition to the nursery ponds, tanks 6 feet wide and 10 to 12 feet 
long and 5 feet deep, made of cement and brick, or wood, should be 
provided for holding the fish preparatory to shipment during the fall, 
and are also very convenient for handling the fry when they are being 
transferred from the spawning to the nursery ponds prior to being 
assorted as to size. At Neosho, where the fry are removed from the 
spawning-ponds at a very early stage, they are held in troughs similar to 
those in general use for trout culture. A trough 14 feet long with 4 inches 
depth of water at 57°, changing 2 gallons per minute, will support from 
3,000 to 5,000 very young fry, and twice or three times as many rock bass 
will live comfortably under like conditions. The same general care 
and cleaniug usually given to troughs containing trout fry is necessary 
in cultivating bass. The trough should be swept down twice a day and 
occasionally washed inside with a cloth, and the water supply, conduits, 
and outlets frequently examined and kept clear and clean. 

The young bass is able to stand any temperature to which the sun 
raises the water of the nursery; those hatched in water at 56° F. will 
thrive two months later with the temperature at 86o. But bass grown 
in a very high temperature are exceedingly tender, and can not be 
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handled and transported until tbe approach of fall and winter has 
gradually reduced the temperature and thus hardened them; they are 
also more liable to attacks of parasites, both external and internal. 
Whili^ bass can live in water ranging from 33^ to 98^, more moderate 
limits aie desirable. The Ctfclops and some other of the natursil forms 
of food for young bass reproduce best at a temperature between 68o and 
70^, and can not resist higher than 95o. 

CARE OF PONDt!. 

It is desirable that the ponds should be "wintered" each year — that 
is, entirely drawn off in the autumn, thus leaving the beds exposed to 
the combined action of sun, winds, and frost. This tends to kill out 
the larvie of the larger aquatic insects (dragon flies, beetles, etc.), and 
to increase the following season^s supply of small Crustacea, which fur- 
nish an important element of food to the young bass. This purifying 
process can be assisted by the free use of quicklime dropped into the 
crawfish holes. There is no danger of the lime injuring the fish the 
following year, and the limewater purifies the pond bed, besides killing 
the crawfish and the like. 

The accumulated decayed matter ought to be occasionally removed^ 
the frequency for this depending on the character of the water supply, 
the amount of silt it brings into the pond, the character of the soil, and 
on the thoroughness of the yearly removal of the surplus vegetation. 
Scra])ing large ponds and hauling the accumulated muck involve con- 
siderable labor and expense, possibly more than the yield of the pond 
warrants, and in some cases it is advisable, once in four or five«years, 
to lay the pond bare for an entire year and cultivate it in peas or some 
other deep-rooted vegetable. 

While abundant pond vegetation is favorable to a large production 
of fry, it is sometimes so luxuriant that it settles down in a blanket-like 
mass and smothers many of the young fish. Under such circumstances 
it should be removed some time in advance of lowering the ]>ond level, 
and during the process should be carefully picked over, as some of the 
fry will be found among it. Wading into the pond lesives the bottom 
tracked with deep footprints, which, as the water recedes, catch and' 
retain many of the young fishes, most of which die in a short time. To 
avoid this a strong but lightly built fiatboat is used, which can easily be 
njoved from i)ond to pond, as needed. At each end of the boat is a ring, 
through which a stake is driven at the point in the j)ond to be worked. 
The vegetation is raked from the water in small lots, and unloaded on 
the banks with a pitchfork. It should be promptly removed from the 
bank, as it will rot very fast and its presence is objectionable. At the 
Texas station, where the vegetation is very luxuriant, it is hauled to 
the banks with a long rake 8 feet wide, operated by two men, and is 
then removed by means of long-handled forks. This method is simple 
and very economical, two men ac^complishing more than five or six by 
the other method. 
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NESTS AND NEST-BUILDING. 

Whenever the spawning period occurs, whether early or late, ample 
warning is given by the preparation of the nests, which are built by the 
mated fish, sometimes working in company and sometimes separately. 
In the Great Lakes region and the North and Middle Atlantic States the 
nests are ordinarily built of gravel, brushed into neat circular piles 18 
to 3G inches in diameter, and are usually found in water from 18 to 36 
inches deep, though not infrequently in much deeper water and some- 
times in water less than a foot in depth. 

In the proper preparation of the newly-built spawning-i)ond clean 
gravel, ranging in size from a buckshot to a hickory nut, is arranged in 
small flat heaps about 4 to feet from the banks, as soon as the ice is 
off in the spring, in advance of the spawning season, and, if well 
located, it can be used through several seasons and more than once in 
the same season. Gravel probably possesses no advantage of itself 
oyer a hanl-clay bed except that it presents more surface within a given 
area for the eggs to attach themselves to. 

The fish clean the gravel with the caudal fin and tail until it is as 
bright as if every particle had been polished with a brush, often using 
the head and mouth to remove the larger stones from the nest. Some 
bass build several 'nests in a season and are compelled to remove a 
comparatively large quantity of rough and jagged material, yet very 
few wounded or abraded bass are cai)tured. At Neosho the same bass 
have been observed at nest-building for seven years without showing 
a torn or worn caudal or anal fin. Trout, on the contrary, wear their 
caudal fins and tails to the very bone, in their efforts, and often die in 
consequence. In the Mississippi Valley, in Texas, and throughout 
the Southern States, the black bass deposit their eggs on the clay or 
mud, and rarely use gravel. At the Texas station, where gravel nests 
were placed in the ponds they were seldom or never used. 

The proximity of the nests to each other depends on the size of tiie 
pond and the number of fish. They are sometimes less than 5 feet 
a]>art, and in a spawning pond of the Michigan Fish Commission, 
having only 108 square feet of surface and containing 30 adult fish, 
there were 8 nests. If the nests are near the banks, in water from 18 
to 30 inches deep, the entire process of spawning and incubation is 
easily observed. The larger fish are apt to select deeper water, but 
they have been known to decline a clean lot of gravel, in water 3 feet 
deep and 8 feet away from the embankment of the pond, to build a nest 
on the naked clay bottom within reach of the bank, on which people 
were passing almost every hour. Nesting bass should have seclusion, 
although those reared in captivity probably fail to notice minor disturb- 
ances at the time of spawning which would at other times alarm them. 

Shade is important, for, although bass sometimes build nests where 
there is no shade, in most instances they select phvces under over- 
banging grasses, lilypads, stumps, and logs. 

From the time the bass commence nest building the attendant keeps 
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the pond and its contents under constant surveillance and maintains a 
close watch for tishliawks and herons. A record is kept, as nearly as 
practicable, of the date when each lot of eggs is laid, so that it may 
be known when to expect the young to hatch. 

Artificial nests for bass have been used at one or two stations, as an 
experiment, but have been abandoned except for rock bass at Wythe- 
ville, Va. The nest is a wooden box about 20 inches square, with sides 
2 inches high and slightly flaring outward. Cleats are nailed on the 
side for convenience in handling. Coarse gravel is placed in the bottom 
of the box and the remaining space is filled with fine gravel, flush with 
the top of the box. The top layer is sufficiently fine not to allow the 
eggs to fall through the spaces and mix with the large gravel under- 
neath. The nest, thus completed, is placed in an excavation with the 
upper edge even with the bottom of the i)ond. A stake is driven near 
the nest and a board fastened to it, to afford seclusion and protection 
from the sun and enemies. 

BROOD-FISH. 

Whenever procurable, domesticated fish are to be preferred to wild 
fish for stocking the breeding-[>onds, as they are less liable to injury 
in handling and transportation. A disrupted scale, lacerated fin, or a 
bruise on head or body frequently candies the death of wild bass, and 
their native surroundings are such that it is difficult to collect any 
considerable number of them. Moreover, adult fish captured from 
their native waters frequently fail to spawn in the year or season in 
which captured, on account of fright. 

Bass not over 2 or 2^ pounds are recommended if the work is carried 
on in ponds which are to be frequently drawn off, but larger fish can 
be used advantageously if they are to be but rarely transferred to other 
ponds. Very large bass are more liable to injury when the ponds are 
drawn and the fish transferred, as they are more difficult to handle 
safely, and bruise and injure themselves in the tubs. Males and females 
should be in equal proportion, as an excess of males may prove a dis- 
turbing element at spawning time and later in the season may cause a 
loss by preying on the fry. The sexes of the black bass are not as 
easily distinguishable, as of the trout. The number of adult fish for 
breeding-ponds depends upon the food supply. For several years past 
at Neosho an average of 30 breeding bass to the acre of water has been 
allowed, but that number might be increased. 

SPAWNING HABITS. 

When the nests are prepared and the spawning time arrives, the 
parent fish — especially the male — show considerable excitement and 
swim back and forth over and around the nest. In the aot of spawn- 
ing they cross the nest, their bellies close together,,the male a little 
behind the female, and simultaneously void the eggs and eject the 
milt, the real act of spawning occupying a comparatively short time^— 



MANUAL OF FISH-CULTURE. ^ 159 

a miimte or less. The eggs, when laid, are viscid, and as soon as voided 
and impregnated attach themselves to the floor of the nest. Then 
commences a parental watchfulness worthy of imitation on the part of 
some higher animals, one fish hovering immediately over the nest and 
maintaining a gentle motion of the fins for the purpose of keeping the 
eggs free from sediment, and the other acting as an outer sentinel, 
patrolling 8 or 10 feet away. Both male and female show great courage 
when guarding their eggs and young fry. A rock bass has been seen 
to leap entirely out of the water to bite viciously at an attendant's hand 
when moving aside the grasses sheltering the nest, and a black bass 
when guarding its nest has been known to attack and kill a snake three 
times its own length. The brightness of the nest makes the parent on 
guard easily distinguishable by enemies, like the fishhawk and eagle, 
but this danger may be materially lessened by planting the broader-leaf 
water-lilies near the nests, to afibrd shelter when in danger. 

Black bass begin to spawn in the northern part of the United States 
about the middle of May, while farther south the season commences as 
early as March, and in all localities it is later in deep than in shallow 
waters. In the far South, in waters uniformly warm, the spawning 
time may not depend %ntirely on the seasons. The period lasts about 
two months. Many, if not all, discharge only a part of their eggs at 
one spawning. The maturation of the entire ovaries is never fully 
completed at one time, but the ripening is prolonged and the spawning 
done at intervals. As far north as southern Missouri and Illinois, 
black bass frequently spawn in the season tbllowing the spring when 
they are hatched, but this is not always the case; and farther north 
maturity comes later in life. Bass continue to yield eggs for a number 
of years, and some have been held in the brood ponds at Neosho which 
were adults when first taken to the station and continued productive 
for as much as seven years. 

Rock bass have been known to produce two separate broods within 
one season as far north as southern Missouri, and this is probably true 
of some of the other basses. At Neosho they spawn when one year old. 

EGGS AND FRY. 

The eggs dififer greatly in number and size, according to the age and 
size of the fish, varying generally from 2,000 to 10,000 per fish and from 
80,000 to 100,000 per quart; 17,000 eggs have been found in a large- 
mouth black bass weighing 2J pounds, a little less than 7,000 to the 
pound of fish; but on another occasion a careful count of the mature 
eggs showed only 2,674 to the pound of fish. Wide discrepancies in 
the figures may sometimes result from difi'erent methods of counting, as 
in rejecting or counting small eggs which are commencing their matur- 
ation for the next production. The rock bass egg is fully three times as 
large as that of the black bass, and the fry are correspondingly large. 

The varying factor of initial vitality and the impossibility of equal- 
izing the intensity of sunlight render it impossible to determine pre- 
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ciRely the period of incubation of any eggs treated in pond culture. 
With some kinds, under extreme temperatures and other less under- 
stood factors, wide variations are found. Bass eggs require from 7 days 
to 3 weeks for hatching, but usually from 8 to 10 days — depending 
mostly on the temi>erature of the water. Eggs artifi<tially impregnated, 
in an experimental way, hatch in from 70 hoars to 4 days at a tem]>era- 
ture of 63° F,, or somewhat over. 

When the fry leave the eggs, they remain on the nest till the sac is 
absorbed, this depending, as with other fishes, on the period of incu- 
bation, modified by the teu}[>erature or condition of the atmosphere; 
usually a fifth less time being required to absorb the sac than for hatching* 
the eggs. When the sac is absorbed, the fry rise and form a school 
which hovers over the nest usually from 2 to 4 days, settling back at 
night, except in extremely warm weather, whjen they may scatter in a 
iew hours. A sudden fall of temperature may cause the school to settle 
back and remain a day or two longer on the nest. The tactics of the 
parents change and they no longer stand guard over the iiest, but circle 
around the school, whipping back truants and driving off intruders. 
When the school rises and hunger begins to be frit, the fry separate 
and are driven for protection, by the parent ftsh, into shoal water or 
into the thick grasses; there they are deserted, and dispersing they seek 
the minute Crustacea, larvae, and insects. The brood bass should then 
be removed from the spawning-ponds to other i>ouds, or confined in 
compartments in the same pond, so that they can not prey on the fry. 

For the first three to five days black-bass fry do not average one- 
fourth inch in length and are almost colorless, until the pigment forms 
along the back, making them appear quite dark when viewed from 
above, though it is difficult to distinguish the ex)lor of an individual 
fish when caught on a net of bolting-cloth. 

Very young rock bass seem occasionally to attach themselves to. the 
sides and bottom of the nests and to submerged plants. This action 
has not been noticed with black bass, possibly because their nests, 
being in deeper water, are more difficult of observation. 

FOOD OF THE YOUNG. 

Just how much food to give bass fry is as difficult to determine as 
with any other young fish. They are very greedy, and, if acceptable 
food is given them, appear to be hungry nearly all the time, and it is 
more than probable that the troubles caused by overfeeding other fishes 
would show themselves in the bass if they were overfed. Healthy fry 
have been carried at Neosho for four months with a loss of only 2 per 
cent. When first brought into nursery ponds or troughs they can not 
be induced to take prepared food, as they are wild and must be tamed 
or domesticated. They are fed almost every hour in the day, though but 
little food is given at one time and that is well scattered through the 
water. The attendant, without alarming them, should be about the 
trough constantly, to accustom them to his presence, and, instead of 
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being frightened and darting into dark comers at his approach, they 
soon learn to come to meet him, not a few at a time, bat all together. 

For several days their food will have to consist of such minate ani- 
mals as can be conveniently collected from the ponds with a dip-net of 
cheese-cloth. After four or five days they will accept prepared food, 
as fish of some kind, groand to a fine paste. In general, bass fry under 
1^ inches in length are too small to take artificial food, and it is very 
doubtful whether it is good policy to transfer them to nursery ponds or 
troughs prior to that stage. 

The number of young bass to be put into a pond depends upon its 
size and its capacity to produce food. If the nursery has been prepared 
in advance with aquatic plants some Crustacea will be found there, and 
the deficiency is supplied by the introduction of snails, Gammarus, 
Corixa, etc. The use of beef liver as food is not advised. To a nur- 
sery in fair condition from 3,000 to 6,000 young bass may be allotted. 
The death of a part of these must be expected, and if even a fair per- 
centage are to survive they must have much more food than the pond 
can probably grow. Should a large part of them survive the first few 
weeks they can be distributed into other nurseries. 

At Neosho finely ground crawfish have been used for food with good 
•results — not that crawfish have any value over other forms of aquatic 
life, but they are abundant, cost nothing, and are acceptable to the fish. 
Carp are cultivated for this purpose at the Fish Lakes in Washington, 
several hundred thousand being used each season, the young carp 
being liberated in spawning-ponds with the young bass a few days 
after they are hatched. At the Forest Ponds of the Missouri Fish 
Commission little branch chub are caught and placed in the pond 
several weeks before the bass spawn. As the chub spawn and hatch 
out before the bass, when the young bass are transferred to the nursery 
they find a lot of young chub ready to be eaten. An objection is that 
the old chub destroy the young bass, though this is easily obviated by 
hatching the chub artificially and turning only the young chub iuto the 
pond, or by removing the adult chub before the bass fry are introduced. 
At San Marcos the bass fry are fed on young carp, buffalo, and mud 
shad, in addition to the natural food, which is quite abundant early in 
the season, but later they take chopped fish, salted fish roe, etc. No 
effort is made to furnish the prepared food, though, until they reach 1^ 
inches in length, as they remain in the spawning- ponds until that time. 

TRANSFER AND CARE OP FRY. 

In transferring the fry to troughs or other ponds at Neosho two nets 
of cheese-cloth are required. The main one is about 30 inches square, 
supported by ribs from above; to the center of the ribs a handle is 
attached, so that the net can be used 5 or 6 feet from the shore; the 
iiet is made to sag to an open pocket in the center, which can be closed 
and tied with a drawstring. The second net is easily made from an 
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ordinary landing-net by replacing the netting with cheese-cloth. This 
will be nsefiil in catching the fry that escape from the larger net. The 
transfer is made iu tubs filled with water from the spawning-pond in 
order to preserve the same temperature as nearly as possible. Netting 
is done in the early morning, as the shallow waters of the pond become 
cool during the night and the temperatures of the different waters are 
more nearly equal. It requires patience and a degree of skill, which 
comes with practice. The operator stands on the bank and introduces 
the net with a gentle and scarcely perceptible side movement under 
the school and cautiously lifts it out, and when the net is clear of the 
water, turns with a quick motion and brings it over the tub, so that the 
part of the net holding water and fish can be readily submerged in 
the tub. An assistant stands near the tub to catch the sides of the 
net and help iu the latter part of the operation. While the operator 
holds the rod to which the frame of the net is attached, the assistant 
slips his hands into the tub and unties the drawstring of the net 
pocket, and the net is then gently lifted out of the tub. A bucket of 
water from the pond and a dipper are kept at hand to wash into the 
tub any of the fry that may stick to the cheese-cloth. The fry should 
never be freed from the net with a feather or by shaking. 

As soon as the collected fry are in the vessels they are carried to the 
troughs or pools, when the temperature of the water in the bucket or cans 
is compared with that flowing through the troughs. The experienced 
fish-culturist can tell by the touch whether there is a material difference 
in the temx)erature, and can take the steps toward equalizing it. Should 
there be a difference of 3° or more, it must be corrected. If a vessel is 
not crowded, an effective, but slow, method is to set or suspend the 
vessel in the water flowing through the pool or trough. If the water in 
the vessel is warm and the time short, in addition to setting the vessel 
in the trough, a part of the water may be bailed from the vessel and 
replaced with fresh colder water. This operation is called " tempering''; 
it re(iuires care, good judgment, and patience. 

It is well to have several lar<^e buckets made with "windows," that 
is, a small screen of perforated metal in one side of the bucket, near 
the top. This bucket is put in a trough under a small jet of water, 
conducted by a rubber tube to the bottom of the bucket. The jet 
discharging at the bottom of the bucket, and the surplus water escaping 
through the perforated window, assist in ecjualizing the temperature, 
and the fish are then carefully put into the troughs or i)ools. 

A part of the fry do not find their way through the wire screens into 
the cut-off, and all around the margin of the pond, even in the deep 
water, straggling fry may be seen. Sometimes these scattered young- 
sters are small, but generally they are the largest. After all the fry 
have been captured from the cut-oft* and the season's spawning is over, 
the pond is drawn to collect and save those that have failed to come 
into the cut-oft". This work is generally in June or July, when the 
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ponds are quite warm and the temperature of the atmosphere is high, 
and is carried out with extreme watchfulness and care, as the midsum- 
mer drawing of a bass pond is the most delicate operation counected 
with the propagation of this species in ponds. These iry need to be 
*' tempered " and sorted in the same way as advised for other fry. 

At some stations of the Commission the fry are not transferred from 
the spawning to the nursery ponds until they are 1 J inches long. In 
ejecting the transfer a seine made of wash-netting or bobinet is used, 
the length and depth of the net depending on the size of the ponds. 
The fishing is usually done early in the morning, near the inlet where 
the young fish collect. The fish are transferred from seines to tubs by 
dip-nets, and thence to the tanks, where they are carefully assorted and 
placed in the nursery ponds. Sometin)es they are assorted in the tubs 
and put at once in the ponds. 

As the season advances it will be noticed that some of the fish grow 
much more rapidly than others, and as this is generally the result of 
cannibalism, the larger ones preying on the smaller, the fish must be 
again sorted and those of different ages placed in separate ponds. The 
successful raising of bass in ponds depends largely on frequent and 
careful sorting. 

Collecting for shipment occurs in the cool days of autumn, as experi- 
3nce has shown that the bass can be much better and more safely 
transported in the spring and fall than in the summer. They can be 
transported more cheaply in midwinter than any other time, but when 
fish are moved long distances in very cold weather (or at any other 
time when much ice is used in the cans) many die from gill troubles. 
After the ponds are free from vegetation and are ready for drawing ofl\ 
the water level is reduced slowly. Every precaution is taken not to 
frighten the fish, and with this in view no more attendants are allowed 
about the bank than are absolutely necessary. Black bass when 
frightened will burrow in the mud and live there an incredible length 
of time, and if a fingerling burrow in the mud when the pond is being 
drawn he may prove a dangerous occupant the following spring when 
the young fry are introduced. The same precautions should be observed 
in transferring fingerlings as with the very young fry. 

During the various stages of its life the bass is subject to the attack 
of enemies of many kinds. The fish-eating birds, like the kingfisher; 
wading birds, like the heron, and amphibious animals, like the mink and 
muskrat, must be guarded against. Snakes, frogs, turtles, and various 
beetles are dangerous to the fry, and sometimes even to adult fish. 
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THE PIKE PERCH OR WALL-EYED PIKE. 



DESCRIPTION OF THE SPECIES. 

The pike perch (Stizoatedion vitreum) is the largest member of the 
perch family inhabiting American waters. The body is fusiform; its 
depth being contained about 4^ times iu length. The head is long, 
pointed, and a little more than one-fourth the body length. The large 
mouth is provided with bands of villiform teeth, in addition to which 
there are long, formidable canine teeth ou the jaws and roof of mouth. 
The eye is contained 4^ to 5 times in head. Serrations exist on the 
preopercular bone, and several spines on the preopercle. The high 
dorsal fins are well separated, and contain irom 12 to 16 spines and 19 
to 21 soft rays. The number of rows of scales in a lateral series is 
from 110 to 132, with about 10 rows above and 25 rows below the lateral 
line. The general body color varies from light yellowish to dark blue, 
with indistinct lines and mottlings, theunder parts being white or pink. 
A large black spot involves the membrane of the last two or three 
dorsal spines, the fin being otherwise nearly plain ; the second dorsal 
and the caudal are mottled with yellow and olive; the pectoral is dusky 
at its base, and the anal and ventral s are pinkish. 

Three rather well-defined color varieties of the pike perch may be 
recognized, dependent on age and environmental conditions. These are 
the gray, yellow, and blue. The gray variety attains the largest size, 
40 pounds being the maximum and 10 to 20 pounds being common. The 
yellow form reaches a weight of 20 pounds, and is often taken weighing 
5 to 10 pounds. It has the widest range and is the most numerous. 
The blue pike occasionally may reach a weight of 5 pounds, but averages 
under 1 pound. The gray and yellow varieties are usually found in the 
larger streams, and in the Great Lakes seek water 10 to 40 feet deep, 
while the blue variety seems to prefer water 30 to 75 feet deep. 

The pike perch in that part of Lake Erie adjacent to the islands 
of the western end are almost or entirely free from yellow, being a dark 
gray, almost black, on the back, shading on the sides to lighter grays, 
while the lower third and belly are silvery white; the body is less com- 
pressed and tapers less toward the tail than the yellow variety. In 
Sandusky Bay there is a uniformly yellow variety, of a fusiform shape. 
Although Sandusky is connected with the lake by a deep channel over 
a mile wide, it is reported that the yellow fish do not leave the bay and 
the gray fish rarely enter except during the spring, when small numbers 
resort to it to spawn. 

From the sauger or sand pike {8. cavadenHe)^ the wall-eyed i)ike is dis- 
tinguished by its fewer pyloric cceca (3 instead of 5 to 7), fewer dorsal 
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rays, larger size, presence of black blotch on second dorsal, absence of 
similar blotch at base of pectorals, and some minor characters. 

Various names are given to the pike perch in different parts of its 
habitat, and two or more names in some localities. Walleyed pike 
Is the most widely used designation. Pike and pickerel are employed 
in tlie Great Lakes. As both of these names are also borne by the 
member}^ of the genus Lucius^ much confusion has arisen. In the Sus- 
quehanna and Delaware rivers and along the Ohio and its tributaries 
the fish is very inappropriately known as salmon. Dory or dore is a 
Canadian designation. Other names in use on the Great liakes and 
elsewhere are yellow pike, blue pike, glass-eye, white-eye, and jack 
salmon. In order to avoid confusion and to indicate the family rela- 
tionship, the U. S. Fish Commission has recommended the name pike 
perch, the fish being a perch of pike-like appearance and habits. This 
name corresponds with the generic term Luciopercaj applied to a similar 
European species. The sauger, however, is entitled to bear the same 
name, although its usual designation is distinctive. 

GEOGRAPHICAL DISTRIBUTION. 

The pike perch prefers clear water, with rack, gravel, sand, or hard- 
clay bottom. The center of its abundance is Lake Erie, but it is among 
the most widely distributed of our fresh- water fishes, its range extend- 
ing along the Atlantic seaboard from New Brunswick, New Hampshire, 
Massachusetts, and Connecticut as far south as North Carolina; thence 
to the northern portions of Alabama, Georgia, Mississippi, and Arkan- 
sas on the south, with Kansas, Nebraska, the Dakotas, and Assiniboia 
its western limit and the Hudson Bay system its nortliern boundary. 
Over the great^er part of this vast area it is fairly abundant, and in all 
of the waters of the Great Lakes region, the Mississippi basin, and the 
southern portion, at least, of the Hudson Bay system it is commercially 
important. In New Hampshire, Connecticut, New Jersey, and eastern 
Pennsylvania it is not indigenous. Its adaptability to suitable new 
waters is shown by its acclimatization in the Susquehanna and Dela- 
ware in Pennsylvania, in many small lakes in Michigan, and in the 
streams and lakes of Nebraska, where it has rapidly multiplied and is a 
great favorite with anglers and epicures. 

The range of the sauger is less extensive than that of the wall-eyed 
pike. It embraces the Great Lakes region, west to the Upper Missouri, 
and south to Arkansas and Tennessee. 

ECONOMIC VALUE, FOOD AND GAME QUALITIES. 

The pike perch is one of the most valuable fresh-water fishes. In 
Lake Erie alone the annual catch is now upward of 6,000,000 pounds, 
valued at $22.j,(MK), besides which over ;^,0(K),000 [louiids of saugers, 
worth $75,000, are yearly taken in the same waters. Throughout it^- 
range it is <'aug)it nearly the year round, and, in spite of the zeal with 
which it is ])arsue(l on account of its line table qualities and the ease 
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witb which it ia captured, it is holding its own well owing to its hardi- 
ness, its comparative freedom from disease, and the facility with which 
it is produced by fish-cultural methods. 

As a table article it ranks high. The smaller fish are delicious fried, 
broiled, or boiled, while the larger ones, weighing from 5 to 15 pounds, 
are excellent when baked. The flesh is firm and well flavored^ even in 
the warmest weather. Few fish stand shipment, holding, or freezing 
better than pike perch. It is not so well adapted to salting as some 
species^ but this is not important, as the demand for it is so great that 
the supply is always disposed of fresh or frozen. The abdominal cavity is 
comparatively small and the head medium, so that little loss occurs in 
dressing. The bones are somewhat numerous, but they are generally 
large and easily separated. The gray and yellow varieties are consid- 
ered superior to the blue for food, and are also better game fish. 

The pike perch, although capricious, is readily caught with bin'ted 
hook, artificial fly, spoon, etc., and deserves high rank as a game fish. 
About 100 tons are taken annually with hook and line through the ice 
about the Bass Islands, Lake Erie; large quantities are also thus 
caught near Buffalo, !N^. Y., in Saginaw Bay, Mich., aiid elsewhere. In 
ice fishing small minnows are generally used, the bait being taken near 
the bottom. 

FSEDINa HABITS. 

Although the pike x)erch is predaceous, observations would seem to 
show that it devours fewer desirable species than any other predatory 
fish. Its main food in Lake Erie the year round is a small cyprinoid, 
usually called lake shiner, which abounds in these waters, with occa- 
sionally crawfish in the winter and the larvae of insects and the insects 
themselves in the warmer months. A pike perch weighing 16J pounds 
has been caught containing a bullhead which in its partly digested 
condition weighed 9 ounces. The stomachs of hundreds have been 
opened at all seasons of the year and under various conditions, and 
the examinations have as yet failed to disclose one containing a white- 
fish, black bass, or other valuable fish. Usually the stomach was empty 
so far as the unassisted eye could discover, except for a thick, tough, 
greenish-yellow slime. 

The pike perch does not generally inhabit the depths of waters fre- 
quented by the black bass, preferring the deeper portions of the shal- 
low x>arts of the lake. Excepting the blue pike variety, it is not found 
in deep water, which is the home of the whitefish during all the year 
except for a short period in the fall during its reproductive migrations. 
And even the blue pike does not inhabit the deep waters where the 
whitefish and cisco spend most of their lives. 

SPAWNING AND SPAWN-TAKING. 

. The pike perch is not a nest-builder, as are the basses and sun fishes. 
The female discharges her spawn in shoal waters, the male following 
and emitting milt in proximity to the eggs. The spawning time varies 
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greatly in different localities, extending from the last of March with 
the yellow and gray varieties to the latter part of May. The blue pike 
has not been hati'.hed by fish-cultarists, and comparatively little is 
known of its spawning habits. 

The work of collecting eggs for artificial propagation generally 
begins about the 10th of April and extends to the 25th of that month. 
The eggs are obtained from fish taken by commercial fishermen. Half 
or more of these are hatched into vigorous fry and deposited in public 
waters, and but for this work all the eggs thus saved would go to the 
market in tiie abdomens of the fish and be entirely lost. 

The pike perch develops a greater number of eggs in proportion to 
its weight than the whitefish, and but a small percentage of them are 
fertilized under natural conditions. The eggs are 0.08 inch in diameter 
and average about 150,000 to a fluid quart. About 90,000 eggs would 
probably be a fair average per fish for Lake Erie, and as the spawning 
fish will average about 2 pounds each, 45,000 eggs to the pound weight 
of fish would approximate the true figures. 

As the spawning time approaches spawn-takers are stationed at the 
various points on the lake where nets are to be fished. A spawn-taker 
accompanies the fisherman on his trips to the nets and examines the 
catch for ripe fish. His equipment is the same as that described in 
the chapter on whitefish, except that he takes a quantity of swamp 
muck for use in preventing adhesion of the eggs. After he has selected 
and stripped a fish, it is returned to the fisherman. The eggs after 
being fertilized are either shipped directly to the hatchery or through 
some central collecting stafcion. 

The inner membranes of the egg are delicate and easily ruptured, 
and the greatest care is necessary, from the taking of the spawn to the 
hatching of the fry, and especially until they are cushioned by the 
filling of the membranes with water. 

The fish should be wiped so that slime will not drip into the spawn- 
ing pan, as a very small portion will clog the micropile and prevent 
impregnation. The female is grasped firmly in the left hand just for- 
ward of the tail, with the back of the hand downward, the fingers 
outward and the thumb above and pointing upward, the head of the 
fish being held between the spawn-taker's I'ight wrist and body, the 
right hand grasping the fish from below, just back of the pectoral fins, 
the fingers inward, the thumb outward. The anterior portion of the 
abdomen is thus firmly grasped and the pressure brought to bear on 
the eggs in the ovaries of the fish. A woolen mitten on the left hand 
allows a firmer grasp on the slippery body than is possible with the 
bare hand. The fish is now at an angle of 45°, the body forming a 
modified crescent, with the vent within 2 or 3 inches of the bottom of 
the pan. This position throws the pressure on the abdomen and 
facilitates the opening of the vent and the flow of the eggs. Gentle 
pressure is now maintained as long as the eggs come freely and in a 
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fluid stream, probably over half of them being procured before the 
hand in moved, but when the flow slackens, and not until then, the hand 
should be moved slowly toward the vent without releasing the pressure 
and only fast enough to keep the eggs flowing in a continuous stream. 
When this stops the hand should be replaced and the process repeated 
until all the good eggs are procured. If the eggA do not start readily 
they should not be taken. 

As soon as one female is stripped the milt is added, care being taken 
all the time to allow no water in the pan until the lot is flnished or 
until the pan is half or two-thirds full of eggs. If males are abundant 
one is stripped for each female, and one for every two or three females 
in any event. When the pan is about half full, and before any water 
is added, the eggs are very thoroughly and carefully stirred with the 
outstretched, spread fingers, and enough water is added to incorporate 
the egg mass and nicely cover the eggs, the whole being mixed again 
with the fingers and allowed to stand for 2 minutes. Kext the milt of 
one or two more males and a little water are added, the mixture is 
stirred as before, and again allowed to stand for 5 minutes. 

Impregnation can not take place unless the milt and eggs come into 
perfect contact, and as the milt dies 2 minutes after water is added, 
and as the eggs will not become impregnated after having been in 
water 6 minutes, it can readily be seen that the eggs and milt must be 
thoroughly and quickly mixed, both before and after the water is 
added. A tablespoonful of muck solution is now stirred into the mass 
and a pint of water added. The water is poured off after standing and 
this process is repeated every half hour, as described ou pp. 174-175. 

After the adhesion has subsided the eggs are placed in a keg nearly 
filled with water and stirred every half hour, with a change of water 
at least every hour from the time the eggs are taken until they are 
delivered at the station. The stirring is thoroughly, but gently, done 
with a dipper, care being taken that the dipper does not strike the 
sides or bottom of the keg. 

The eggs should never be exposed to the sun, and the water sur- 
rounding newly taken eggs should preferably be kept between 40^ and 
50^ F. ; in fact, experience has shown that even 35^ is not harmful. 
Of course, all sudden changes of temperature should be avoided. 

DEVELOPMENT AND CARE OF EGOS. 

When the eggs arrive at the station they are held in 15-gallon cans 
for about 24 hours, a gentle stream flowing into each can, this being 
considered better than to place them at once in the hatching-jars, where 
the motion is too violent for the green eggs. While thus held they are 
stirred every hour. Kegs or cans may be carried half full of eggs if 
prpperly cared for. 

For the handling of all eggs at Put-in Bay, except those to be shipped 
by rail or wagon, 15 gallon pine kegs, painted outside, with iron hoops 
and iron drop-handles, are preferred to tin cans. They are cheaper^ 
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lighter, more durable and convenient. The ege% are in foil view when 
being stirred and when water is poured off or added; the most impor- 
tant point, however, is that the kegs retain the water at a more even 
teniperature, as they are less affected by heat and cold than the cans. 
All dishes and implements with which the eggs come in contact should 
be thoroughly scalded and cleaned at the beginning and close of each 
egg-taking season. 

For hatching pike-perch eggs at Put-in Bay the same jars are used 
as for the whitefish eggs, and on pp. 115-119 will be found a description 
of the hatchery and its equipment, the arrangement of the jars in a 
*' battery," the manner of operating them, etc. The pike-perch eggs 
are lighter than many others, and, being hatched in comparatively 
warm water, fungus quickly when dead. The water used in hatching 
them should therefore be practically clear, for if it contains any con- 
siderable portion of silt the fungused eggs will soon become so loaded 
as to possess the same specific gravity as the living ones, and sink in 
the egg mass, forming lumps which can be removed only by screening, 
which is always more or less injurious. Even the live eggs will become 
coated, interfering with the proi>er working of the jars. Where clear 
water is used tbe fungused eggs remain buoyant, keep on top of the egg 
mass, and are easily removed without loss or injury to the live ones. 

Where water is only moderately turbid and a large number of eggs 
are being handled, if the water temperature runs up to 55^ or 60^ the 
egg^ will fungus so rapidly that they can not be separated fast enough 
to prevent the live eggs from becoming mixe<l with them. As it is 
practically impossible to run << hospital jars" under such conditions, 
many eggs must be lost, or the small percentage of live ones contained 
in the mass of dead ones must be drawn off and distributed in the lake 
and thus given a chance there to hatch. Both of these conditions are 
to be deprecated and can be prevented by a filtering plant. 

In order to insure perfect cleanliness, it is advisable to treat the 
whole system of troughs and pipes through which the water runs, once 
or twice a year, with a clear solution of chloride of lime, beginning 
with the supply tanks, which should be thoroughly washed inside, and 
following down until all have been reached, opening each faucet or 
cock during the procedure. In this way, at small expense, the system 
is freed from infusoria and other forms, which at times are very 
troublesome and more or less destructive to the eggs. This work 
should be done in the fall, just before whitefish eggs are to be placed 
in the jars, and again in the spring, as soon as the whitefish eggs and 
fry are all disposed of and before the pike-perch eggs are received. If 
these periods overlap, a battery at a time can be treated. After treat- 
ment, the tanks are thoroughly washed and the whole system is flushed 
for an hour or more. Chloride of lime is much more effective for this 
purpose than common lime. The preparation is made by dissolving 5 
pounds of chloride of lime in 10 gallons of water, and after it has settled 
the clear solution is decanted off and added to many times its bulk. 
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The fry of the pike-perch are only about as large roand as ordinary 
sewing thread and about ^ inch long; it therefore requires very fine 
brass- wire-cloth screens to hold them in the tanks, and it is exceedingly 
important that these screens be kept clear — preferably by the air jets 
described in the chapter on whitefish (p. 119). This apparatus gives 
perfect satisfaction and twice the number of whitefish or pike-perch 
fry can be successfully carried in a given amount of water with the air 
system than without its aid. 

When the eggs are placed in the jars 24 hours after taking, allow- 
ance is made for some additional swelling, and accordingly 3^ quarts 
of eggs are placed in each jar on setting them up. These will swell 
to 4 or 4^ quarts at the end of 3 days, and that number works best. 
The eggs are worked with the least i)os8ible amount of water that will 
keep them in motion throughout, and anything beyond this is harmful 
and will result in ruptured yolks. The jars are inspected daily, and 
one that is working too fast or is not working uniformly is carefully 
adjusted. 

The eggs are semibuoyant and very adhesive. A single large, spher- 
ical oil-drop floats at the top of the yolk mass. The germinal disk is 
on the side of the yolk. The first cleavage of the disk ordinarily takes 
place in 5 to 6 hours in a water temperature of 45° to 50° F. Unequal 
division of the disk is rare, although it sometimes occurs, while with 
the whitefish and many other species inequality of cleavage is the 
almost universal rule. 

In a water temperature of 45^ to 50^ the form of the embryo may be 
distinguished under a low-power glass in 4 days, and the eye-specks 
can be seen by the unassisted eye in about 6 days. By this time the 
pigment cells, or color stars, can also be seen with a microscope of mod- 
erate power, as well as the pulsations of the heart and the coursing of 
the blood through the vessels — the red corpuscles being distinguishable. 

At this stage any monstrosities, malformations, and other blemishes 
may be easily discovered. They consist of embryos with double heads, 
the most common form, more than the normal number of eyes, curved 
spines, and various other deformities, some so slight as to be scarcely 
discernible. All these erratic forms perish before hatching or soon 
afterwards, and cause the loss of a large percentage of the eyed eggs, 
which die before hatching; insufficient food supply in the yolk causes 
the loss of the next greatest number, the two covering about 60 per 
<;ent of the whole loss of eyed eggs. 

The eggs hatch in from 7 to 28 days, a mean temperature of about 
570 producing the first result and about 40^ the latter, neither extreme 
furnishing the best of fry. At a temperature of about 48^ the eggs 
will hatch in 18 to 20 days and produce vigorous, healthy fry. 

The absorption of the food- sac is governed by the i)eriod of incuba- 
tion and in some measure by the wat^ temperature, and a day or two 
after its complete absorption cannibalism will begin. If 28 days have 
been required the sac will be absorbed in from 5 to 6 days, while if a 
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shorter period — say of 14 days — bas been required, it will likely take 
10 days before the sac is fully absorbed and the fry begin to destroy 
each other. 

TRANSPORTATION OF B60S. 

The best method of shipping eggs a considerable distance before 
hatching is a somewhat open question. The experiment of shipping 
them on trays rather than in water in kegs or cans, as described above, 
has been tried with varying success. If shipped on trays they should 
be accompanied by a watchful messenger, who will see that they are 
not subjected to sudden jars while in transit. They should be spread 
on the trays not over one-third of an inch deep, and should be sprinkled 
lightly every day. The cases containing the eggs should be packed in 
damp sawdust, so that all parts of them will be covered G or more 
inches. Ice should be used if the air temperature is higher than 45^ 
or 50° F., as the nearer the eggs can be kept to 40° F. the better. 

Eggs held from 2 to 5 days on trays at Tole<lo and then shipped 40 
miles by steamer to Putin Bay came out as well as the average of the 
eggs received near home and held in running water 24 hours. A lot 
shipped on trays from Put-in Bay to Gape Vincent, N. T., about 400 
miles, came out badly, while those from the same lot carried in water 
turned out well. This difference is probably accounted for from the 
fact that the eggs carried in water were not subjected to sudden jars, 
while in the other case they doubtless were. It is quite possible that 
failures in shipping pike-perch eggs on trays have been largely owing 
to concussions received during transit, such as must result in carrying 
them on railroad cars and wagons. 

If the eggs are to be transported long distances, they should be 
covered with cheese or mosquito cloth and the remaining space to the 
top of the tray filled with damp sphagnum moss; but if only a distance 
of 75 miles or less is to be traversed, this is unnecessary, care being 
taken to keep the cases right side up. 

Eggs that have been held on trays should be placed in running water, 
in kegs or cans, a few hours before they are put in the jars, or an allow- 
ance of about 12 per cent should be made for shrinkage of the eggs 
while on the trays. Otherwise too many eggs will be put into the jars 
to work well. 

PLANTING THE FRY. 

In order to prevent loss from the fry preying upon each other, when- 
ever practicable they should be planted before the sac is fiilly absorbed, 
but not for 3 or 4 days after hatching, since if they are so held they 
gain strength, and if they are to be transported some distance, they 
become better fitted for withstanding the hardships of a long journey. 
But with large numbers, running into hundreds of millions, lack of space 
makes it necessary to liberate them almost as fast as hatched. Dark- 
ening the tanks prevents cannibalism, but owing to the absence of food 
and possibly to the darkness the fry become weak and light-colored in 
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a day or two and will not stand transportation. They mast, therefore, 
be transported before the sac is fully absorbed or large numbers will be 
lost by either cannibalism or starvation. 

During the season of 1899 the water pumped from the lake for the 
supply of th^ fry tanks at the Put-in Bay Station literally teemed with 
Crustacea, such as Cyclops^ DiaptomuSj Daphnia^ Alonopsis, etc., but at 
first, after the food-sac was absorbed, the fry refused to partake of 
thesC; their supposed natural food, and preyed on each other instead. 
Three or four days later, however, a few hundred fry held for experi- 
mental purposes devoured these Crustacea greedily and throve upon 
them as long as the supply was kept up. When cannibalism was at its 
height 50 fry were placed in a tin pan, with myriads of Crustacea. In 10 
minutes there were 6 cases of cannibalism. In each case one of the fry 
seized the tail of another and swallowed all it could. Close watching 
failed to discover any of these fry attempting to seize one of the Crus- 
tacea. It was also discovered that neither the fry of the whitefish nor 
of the pike perch, when later they began to feed on the Crustacea, would 
touch a Diaptomns, although the most showy of all the Entomostraca 
present and resembling very strongly the Oyclopsy with which it is 
closely related. When a hungry fry would, as if by accident, seize a 
Diaptamus it would at once reject it and go about showing unmistak- 
able signs of discomfort. Contrary to the general belief, the fry do not 
always die from the effects of eating other fry. The swallowed x>ortion 
may be digested and the head and attached tissues finally rejected. 

It has been customary to employ the same method in planting pike- 
perch fry as in planting whitefish fry; that is, the fry are dipped from 
the fry tanks of the hatching battery into cans or kegs and transported 
on a steamer to the points selected, where the cans are carefully 
lowered into the water and the young fish allowed to swim out. 

Toward the close of the season of 1899 an experiment was made of 
carrying fry to the planting-grounds in a tank on board the steamer. 
The tank held 400 gallons, and was therefore equal in capacity to 
forty 10-gallon cans, but it was found in practice that a half more 
fry could be carried in this way with a given amount of water than 
in cans, as there was a continual stream going in through hose con- 
nected with a deck pump and out through screened siphons, whereas 
with cans some must stand while the water in others is being changed. 
Moreover, it is impossible to get a maximum number of fry in each can, 
so that some cans are carried with fewer fry than they should contain, 
while experience soon taught how many could be safely handled in the 
tank. 

The fry were drawn from the fry tanks in the house direct to the tank 
on the steamer through a 1-incb rubber hose, acting as a siphon, the 
suction end being held near the air supply, where fry collect in largest 
numbers. This required 10 to 15 minutes, while by the old method of 
dipi)ing the fry into tubs and then distributing them into the kegs on 
board it would take more than an hour. This saving of time is very 
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important when fry are hatching rapidly. Another advantage is that 
by passing the hose about clOvse to the bottom of the tank nearly all 
the shells are removed with the fry, thus keeping the tanks compara- 
tively clean. Examinations showed that the fry were not injured by 
passing through the hose, which is also an advantage over dipping 
them out with scoops. 

On arriving at the field of planting, the fry and water are discharged 
through a section of hose about 10 feet long, leading from the bottom 
of the tank. The steamer is kept at a slow speed at the time and the 
transfer of the fry to the water is accomplished as gently at least as 
would be the case in emptying them from kegs. Considerable time, as 
well as much hard work, is saved by this plan, and so far there appears 
to be no objectionable features in it. 

USE OF SWAMP MUCK TO PREVENT ADHESION OF EGGS. 

Many experiments have been made from time to time to determine 
the best means to prevent adhesion in the pike-perch eggs. This may 
be accomplished by constantly stirring the eggs from the time the 
water is added until it fills the egg and adhesion ceases; but this 
causes loss of time and a large percentage of yolks will inevitably be 
ruptured. Another method is to allow the eggs to agglutinate into a 
mass and stand thus until fully hardened, afterwards separating them 
by gently rubbing them between the hands, but this also sacrifices time. 
The date of the first use of foreign, inert substances to prevent adhesion 
is uncertain. Fine clay dust and clay in solution have been used with 
success and experiments with starch have given good results. By a 
series of experiments with eggs taken in the vicinity of the station 
from the boats of the fishermen, and from the penned fish as well, it 
was found that the proper use of swamp muck obviates the difficulty, 
with a great saving of time, labor, and eggs. 

In the spring of 1895 finely divided, washed, and screened swamp 
muck was tried at Put-in Bay and has been used ever since, and 
recently with complete success, owing to a change in the method of 
application. The plan pursued up to 1899 was to add muck to the 
water in the kegs into which the eggs were poured after impregnation 
and to wash them quickly. The washing was done quickly in order to 
prevent adhesion. This was eflfective, but it involved the use of too 
much muck, which was removed from the water with some difficulty, 
and which smothered the eggs if left in too long in any quantity, and, 
furthermore, it was difficult to get exactly the right quantity of the 
mixture. Careful experiments were therefore made in using the muck 
in the pan immediately after impregnation had taken place and satis- 
factory results were obtained. The eggs are allowed to stand in the 
milt for about 10 minutes with sufficient water to barely cover them, 
being carefully stirred once or twice meanwhile. Then a tabIes})Oonful 
of the muck mixture, of the consistency of thick cream, is added. 
I^ext the pan is nearly filled with water and stirred thoroughly, whea 
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it is left half an hour, or while another pan is being filled. Withoat 
moving pan Ko. 1 more than is necessary the surplus water is poured 
off, the pan again filled, stirred, and left as before, while pan No. 2 is 
treated like the first. If the boat rocks so as to endanger the safety 
of the eggs it is better to pour them carefully into the keg and let 
them stand there, keeping only about an inch of water over them and 
pouring the water off and adding fresh water at intervals of not more 
than half nn hour. 

The important x)oint in preventing adhesion is to leave the eggs 
alone until the particles of muck, or the spermatozoa, in case the eggs 
are held in the milt without the addition of muck, have settled, and 
then pour off' the comparatively clear water, adding a fresh su))ply 
and then gently agitating the eggs. It will be observed tiiat most of 
the muck particles will have settled in one minute, the water becoming 
measurably clear. If the eggs are held in the milt, the water being 
very milky from the mixture, the water will become comparatively clear 
in 3 or d minutes. This is because the spermatozoa are slightly heavier 
than the water and settle to the bottom. In either case it is important 
to retain the particles in the remaining water and eggs until adhesion 
has ceased, in order to keep the eggs separated from each other, for 
although the particles of muck or the spermatozoa, as the case may be, 
are adherent, sticking to the surface of the egg, they are easily washed 
off*, thus permitting the eggs to come into contact and become fastened 
together. Aside from the washing off, the area of the egg membrane 
becomes constantly greater, removing the particles farther and farther 
from each other until finally the surfaces meet and adhesion takes place. 
This will not occur if the muck particles or the milt are left in the egg 
mass until adhesion has ceased or until the egg has become practically 
filled with water — that is, has finished swelling. 

The first great loss of eggs is owing to lack of impregnation, and the 
second, shown by their turning white, is owing to the rupture of the 
sac. While the eggs are soft and not cushioned by the absorption of 
water, the greatest care possible will not prevent the rupture of a con- 
siderable percentage of the sacs where the old method is pursued of 
constant working to prevent adhesion. By holding the eggs in the 
milt — which is better than the old way and requires less labor, but is not 
to be compared with the muck process — or by using muck, with reason- 
able care in all other directions, the loss is very slight, as has been 
shown by careful experiments and counts: 

Muck has proved far superior to starch or any other substance which 
has been tried at the Put-in Bay Station, starch being prone to settle 
into a hard mass among the eggs, requiring considerable work to again 
dissolve it, with more or less injury to the eggs. 

The preparation of the muck solution is very simple, but should be 
carefully (conducted, as follows: 

At a suitable place in a swamp a depression is dug, which cjuickly 
fills with water. Muck is now suspended in this water by thorough 



176 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 

beating and stirring until most of the muok particles are fireely divided. 
Care is taken not to get the mixture too thick, as the sand will not 
settle out nor can the mixture be screened freely. This is poured 
through a screen placed across a washtub until the tub is full, when 
the debris is knocked off the top of the screen and another tub is filled. 
The partially clear water is poured off of tub No. 1, it is again filled 
with muck, and this is continued until there are a few quarts of muck 
of the consistency of cream in the bottom of the tubs. *The tubs are 
next filled with water, which is agitated thoroughly, and then allowed 
to stand a few seconds to give the particlea of sand time to settle. 
The contents of the tubs are then emptied into kegs or cans, when the 
water may be poured off in an hour or more. This leaves quite a thick 
mixture of even consistency, as sho¥m under the microscope. It should 
be free from sand, which would collect in patches in the bottom of the 
jars and interfere with the working of the eggs. 

It is very necessary that the muck be now thoroughly cooked or 
scalded, otherwise infusoria will develop on the eggs, causing much 
inconvenience and some loss. Finally the muck is drained off, dried in 
any desired form, and held ready for use. It should be prepared before 
the egg-collecting season begins. The screen is about 20 inches by 30 
inches and is made by tacking to a wooden frame a fine wire cloth of 
40 meshes to an inch. The finest mesh that will let small particles of 
muck through is best. The cloth is bagged down somewhat, with the 
tack heads up, in order to present a smoother surface for the quick 
cleaning of the screen. 

PENNING PISH. 

The plan of holding in pens adult fish taken prior to the spawning sea- 
son has been tried with pike i>erch as well as with whitefish. This is 
done to insure a sufficient and definite number of spawners, the collec- 
tion of which during the spawning season is sometimes interfered with by 
stormy weather or other causes. Contrary to what would be naturally 
expected, the pike perch is much more difficult to handle in this way 
than the whitefish, probably owing to the higher temperature of the 
water at the time the work is carried on. Fewer can be transported in 
the tanks on board of steamers and fewer can be held in the pens. 
Where injuries have occurred fungus is apt to set in much earlier than 
with the whitefish, and on this account excessive care is necessary in 
handling pike perch, as well as to prevent injury to eggs in the ovaries. 
While the male whitefish can be held and used over for two or three 
days, the pike perch can be used but once, and when held for several 
days, especially late in the season, the milt comes from the fish thick- 
ened as if taken from a dead fish, and is far from being at its best. 
However, this is true to a great extent with the fish taken fresh from 
the nets late in the season. Females which do not "ripen" within two 
or three days are likely not to furnish eggs at all, and i f held even two or 
three days late in the season are likely t^> yield eggs which will not hatch. 
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Pike peFGh are obtained in the same manner as the whitefiish, from 
the pound nets of the fishermen. They are sometimes taken directly 
into the tanks on board the steamer from the pound when it is raised, 
but more often are dipped into supplemental nets by an employee of the 
Commission, who accompanies the fishermen when the i>ound is lifted, and 
are held until they can be picked up at leisure by the steamer. This 
permits the gathering of fish ft^m many nets, while if they were taken 
directly from the pound only one lifting boat can be followed at a time' 
and comparatively few fish collected. The supplemental nets are 
placed at each pound net where fish are expected. They are 3 feet in 
diameter and 7 feet in depth, and are held open at top and bottom by 
rings of half-inch iron, the bottoms being provided with puckering- 
strings to close them. The top ring is fastened to the outhaul stake 
and rim line of the i>ound, the lower one hanging free and acting as a 
weight to hold the end in place, and also serving to keep the net open 
so that the fish will have plenty of room and not be scaled by chafing 
against the meshes. When thus located, the supplemental net is in a 
convenient position for receiving the fish when the pound is lifted. 
Bowboats transfer the fish in tubs to the steamer, where they are placed 
in tanks and transported to the pens, where they are counted and 
assorted according to their ripeness. 

The pens or live-boxes used in the pike-perch work are the same as 
those used for whitefish. Stationary live-boxes, supported by piling, 
have been used, but as the water at Put-in Bay becomes too warm for 
this, the boxes are now made so that tbey can be towed, like a raft, into 
open waters where the current is more vigorous and the temperature 
more uniform. Another advantage gained by this method is that an 
equal depth of water is maintained in the live-boxes, the rise and fall 
in this section varying from 4 to 5 feet in a single day, according to 
the direction and velocity of the wind and the atmospheric pressure. 
The boxes are 16 feet long, 8 feet wide, and 8 feet deep, divided into 
two equal compartments 8 feet square, provided with false bottoms 
(controlled by standards running in guides at the ends. The standards 
are pierced by inch holes at intervals of 6 inches, so that the false 
bottoms may be held at any desired place. 

The pens, in groups of five, are fastened end on between booms, and 
the whole thus forms a raft. The booms are made of 4 by 8 hemlock 
joists, 2 feet apart on the outside, trussed at frequent intervals by 
diagonal cross braces and ties, on top of which are placed two tiers of 
1-foot wide hemlock planks, thus making the booms when completed 
52 .feet long, 2 feet wide, and 1 foot deep, and quite strong and rigid, 
capable of withstanding seas of considerable violence. At each end 
and between all the crates are placed 2-foot plank walks, giving ample 
room for working on all sides, which is a great convenience in handling 
fish and procuring eggs, especially in stormy weather. The pens are 
now made of boards 3 inches wide, nailed 1{ inches apart, which gives 
sufficient space for free circulation of water. The lumber is dressed 

F. M. 12 



178 REPORT OF COMMISSIONER OF FISH AND FISHERIES. 

on all sides and all inside comers are roanded, as the fish injure 
their noses on square corners in their attempts to escape. All parts of 
the pens are interchangeable and easily taken down for storage, being 
held in place by 4'incli log bolts. The pens are fastened to the booms 
by log bolts 6 inches long. 

Much depends on the work of transporting either whitefish or pike 
perch from the nets to the pens, not only in moving the iish with the 
least possible injury, but in the saving of time, so that g^reater numbers 
may be penned and the risk of holding the fish in the supplemental 
nets may be minimized. Tow cars have been used, but they retard the 
speed of the steamer fhlly one-half, and tanks on the decks of the 
steamers have therefore been adopted. It is better to have several 
smaller tanks than one large one, as the fish can be dipped more readily 
from the small tanks and the water is not so violently agitated during 
rough weather. A convenient size is about 6 feet long, 4 feet wide, and 
3 feet deep. The tank has two lids, submerged about an inch, arranged 
to open crosswise of the center and held by lugs below and by pins 
above. The lids are made of 3-inch boards nailed firmly upon cleats on 
the upper side, with about ^-inch space intervening. This x)revents 
slopping in any weather when fish should be handled. The tank is 
smooth and it has no obstructions inside. A 2-inch hole at the bottom 
at one end is provided for drawing off water, and one of the same size 
within 3 inches of the top for an overflow, when fresh water is being 
added. Fresh water must be furnished, varying as to the number of 
fish. This can be supplied with a << donkey-pump," the hose being 
carried from one tank to another as required. With three tanks of the 
dimensions given above, six or seven hundred pike perch of average 
size can be transported. 

For coating these tanks inside, as well as all tanks and troughs about 
the hatchery, coal tar with about one-third its bulk of good spirits of 
turi)entine, free from benzine, is applied as hot as it can be made. 
This forms a smooth, hard, strong, impervious coat which lasts well, 
and is cheaper than asphaltnm varnish. 

The use of a proper dip net in handling the fish is of great impor- 
tance. The splitting of fins and removing of scales is to be avoided as 
tar as possible where any species of fish is to be penned. The scales 
of the pike perch are not so easily abraded as those of the whitefish, 
but it suffers even more as the result of injuries, owing to the higher 
temperature of the water at the time it is penned. The ideal net would 
be made of cofferdam rubber of suitable thickness, perforated at fre- 
quent intervals so as to permit the free discharge of the water — that is, 
a rubber net — but where many are necessarily in use and subject to 
rough handling, especially in freezing weather, their expense would be 
considerable. The hoop of the net used at the Put in Bay station is of 
|inch spring steel wire, that being the stiffest and strongest material 
obtainable of its weight. It is bent in the form of a parallelogram 22 
incites long and 20 inches wide, with rounded corners. This is fastened 
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into an ash handle about 6 feet long. The bag is of cider-press cloth 
(which is made of large, soft twisted thread, loosely woven), with each 
alternate thread over a considerable space in the center of the net 
pulled out. The bag is fastened to the hoop with small copper wire,.as 
twine is soon cut off in working around the nets and pens. The bag 
of the net is 8 or 10 inches, for if much more is given it will let the fish 
form a pocket against the wire and prevent an easy discharge. 

Netting with a 1-inch mesh and large thread has proved to be a fail- 
ure, the tails of many fish being split by it. It is believed that netting 
with a very small mesh and the largest thread that can be woven will 
do the work well, tbe greatest objection being the knots, which injure 
tender species. 

A frame made like a stretcher, with gunny cloth tacked on in such a 
manner as to bag about 2 feet, is convenient for holding fish preparatory 
to spawn-taking. It should be about 6 feet long and 3 feet wide, making 
the bag 3 by 4 feet, with handles I foot long at each end. 

A gate made of light stuff as long as the pens are wide (8 feet) 
and 2 feet deep, covered by ordinary netting drawn taut and fastened by 
small staples, is useful in sorting the fish in the pens. The false bottom 
is lifted and fastened in place with the pins. There will now be about 
a foot of water over the floor and 1 foot of the top of the pen will be 
out of water. Begin ning at one side the gate is gently moved along until 
the fish are all confined in a sufficiently restricted space. They are 
sorted, the ripe fish placed in the "stretcher," preparatory to stripping 
them, the medium in a tub to be taken to the proper pen, and the hard, 
which it is assumed will be in the majority, are put back over the gate 
into the same pen they were taken from. 

The pens are numbered and a careful memorandum kept of the fish, 
the number of males and females received from and turned back to the 
fishermen each day, the number stripped, and the number in each pen. 

All unnecessary noise near the pens must be avoided, especially jars 
or discharge of firearms, and no one should go near them except in 
the performance of duty. The quieter fish are kept and the less and the 
more gently they are handled the greater the chances of procuring a 
large number of good eggs, while the opi)osite course will cause many 
"plugged" females and failure generally. In transferring the fish from 
one net or receptacle to another it is preferable to handle only one at a 
time, except when'they are small. 

Fish, particularly females, taken from a depth of from 30 to 35 feet, 
often come to the surface of the water in the pens and can not descend, 
owing to the expansion of air in the swimming bladder. The pressure 
may be relieved without injury by inserting a small-sized aspirating 
needle, at an angle of about 45^ j through the flesh of the fish into the 
bladder, about halfway between the middle of the spinous dorsal and 
the lateral line. The air can be heard escaping and when the sound 
ceases the needle may be removed. 
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THE COD. 



DESCRIPTION OF THE FISH. 

The body of the cod is moderately long, compressed and tapering 
behind; the greatest depth is about one-fourth its length. The large 
head is narrowed anteriorly and is contained 3^ to 4^ times in the 
body length. The mouth is large; the lower jaw is included within 
the upper when the mouth is closed; the maxillary extends to about 
middle of eye. The diameter of the eye is about half the length of the 
snout and one-fifth that of the head. There is a conspicuous barbel on 
the chin. The number of dorsal fins is 3 and of anal fins 2; the 
dorsal rays are usually about 14, 21, and 19 in the respective fins, and 
the anal rays are 20 and 18. The ventral fins are well developed, with 
about 7 rays. The cycloid scales, with which the body is covered, are 
very small. The air-bladder is large and thick. The color varies 
greatly, depending on food, kind of bottom on which found, and other 
conditions. Fish taken offshore in deep water are usually olivaceous 
on the back and whitish beneath ; the so-called rock cod, found in shoaler 
water among rocks and kelp, vary in color from green to deep red. The 
back and sides are covered with small, round, reddish-brown spots. 
The lateral line is conspicuous, of a whitish color. The fins are dark. 

From other species of the family, taken in the same waters, the cod 
is readily distinguished. From the haddock it differs in having a pale, 
instead of a black, lateral line; in its spots (absent in the haddock), 
and in its larger maxillary bone, which reaches past the eye, while in 
the haddock this bone does not extend to the eye. The features dis- 
tinguishing the pollock from the cod are the smaller size, the projecting 
lower jaw, the uniform coloration above, the sharp snout, the smaller 
barbel, etc. Tlie hakes have only 1 anal and 2 dorsal fins, a filamentous 
prolongation of the first dorsal ray, and a ventral fin consisting of two 
or three very long filamentous rays. 

The status of the cod of the North Pacific Ocean is somewhat uncer- 
tain. It has generally been considered identical with the Atlantic 
species, but its smaller air-bladder and other features may entitle it to 
recognition as a distinct species. 

RANGE, MOVEMENTS, FOOD, ETC. 

Cod are widely distributed in the North Atlantic Ocean. To the 
north they range far beyond the Arctic Circle, and to the south as far 
as Cape Hatteras, although they are not common south of New Jersey. 

195 
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The cod of the Korth Pacific Ocean is found &om Bering Sea south to 
Oregon and Japan. 

The movements of cod are not well understood. They go in schools, 
but in much less dense bodies than do mackerel, herring, and men- 
haden, and when moving from one ground to another they are in more 
compact schools than when on the feeding-grounds. The movements 
on and off shore and from bank to bank are due to several causes, 
among which are the effects of water temperature, the presence or 
absence of food, and the spawning instinct In the winter months 
there is a well-marked movement of large bodies of codfish to the 
shores of the New England and Middle States, and important fisheries 
are there carried on in regions from which cod are absent at other 
times. This movement seems to be chiefly for the purpose of finding 
sliallow grounds for spawning. That the cod sometimes makes very 
long journeys is shown by their capture on the New England coast 
with peculiar hooks in their bodies which have been identified as 
similar to the hooks employed by the French cod fishermen on the 
Grand Banks. 

Although sometimes found in shallow water, cod are essentially deep- 
water fish, preferring water from 20 to 70 fathoms deep and being 
found even at a depth of 300 fathoms. Those caught for market are 
usually taken at depths of 20 to 40 fathoms. 

The cod takes its food on the bottom, at the surface, or at intermediate 
points. It is an omnivorous and extremely voracious feeder, consuming 
all marine animals of suitable size. Favorite articles are bivalve 
moUusks, crabs, lobsters, starfish, and Ash. Among the fish consumed 
in large quantities are cai)elin, lant, herring, alewives, menhaden, 
mackerel, and haddock, although many others are also eaten. The 
abundance and movements of such fish have an important relation to 
the presence and abundance of cod in a given region. 

WEIGHT AND GROWTH OF COD. 

The largest cod recorded from New l^ngland waters weighed 211J 
pounds and was over 6 feet long; it was taken on a trawl off the 
northern Massai^husetts coast in May, 1895. The capture of a number 
weighing from 100 to 1 75 pounds could be cited, but those exceeding 100 
pounds in weight are by no means common, and even 75-pound cod are 
not numerous. The average weight of the large-size cod caught in the 
shore waters of New England is about 35 pounds; on Georges Bank, 
25 pounds; on the Grand Banks and other eastern grounds, 20 pounds; 
the average weight of the small-size fish caught on all these grounds is 
about 12 pounds. 

Observations in Massachusetts of the rate of growth of the cod show 
that those IJ to 3 inches long are about 6 months old; those to 13 
inches long, and weighing 7 or 8 ounces, are 1 J years old ; those 18 inches 
long, and weighing 2 to 2^ pounds, are 2.J years old ; and those about 22 
inches long, and having a weight of 4 to 6 pounds, are 3 J years oldt 
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SPAWNING. 

The principal spawning time of the cod on the New England coast 
is winter, but the season begins as early as November and continues 
until April. Spawning fish are occasionally caught from October until 
May. The spawning period for an individual fish is greatly prolonged, 
and probably covers six or eight weeks, only a small percentage of the 
eggs maturing at one time. The male and female cod may attain 
sexual maturity when weighing only 3^ or 4 pounds. The ages of 
normal fish having these weights are supx>o8ed to be three to four 
jears. 

When impelled by the spawning instinct, the cod seek the shoal 
waters of the coast or banks in schools consisting of both sexes. The 
female is less active than the male at this period, and probably rests 
quietly on the bottom while discharging the eggs. There is no evidence 
to show that the sexes are paired or in close proximity during the act 
of spawning. On the contrary, it seems likely that fertilization is 
generally accomplished by accidental contact of the sexual products 
as they are swept about by the elements, having risen to or near the 
surface as soon as extruded. 

The cod is one of the most prolific fishes. The ovaries of a 21-pound 
fish have been computed to contain 2,700,000 eggs, and a 75-pound cod 
has been estimated to have 9,100,000 eggs, these figures being deduced 
by careful weighing or measuring of a known number of eggs. The 
egg is from iV to -iV ^^^^ i^ diameter, the smallest fishes having the 
smallest eggs; the average size may be taken as ^V inch. The approxi- 
mate number in a fluid quart is 337,000. 

The destruction of cod eggs in nature is necessarily large. The 
principal loss is probably through failure of impregnation, the eggs 
losing their ability to become fertilized and the milt its vitality very 
soon after being thrown from the fish. Incalculable numbers are thrown 
on the shore by the waves and there die. God eggs are also destroyed 
by numerous animals, including fish, birds, and invertebrates. 

OOMKEBOIAL DfPOBTANOE AND FOOD VALUE. 

The cod is one of the most valuable of all food-fishes, and in the 
United States ranks as the most prominent commercial fish. In the 
matter of persons engaged, vessels employed, capital invested, and 
value of catch, the taking of cod in the United States is more extensive 
than any other fishery for fish proper.* The number of vessels which 
fish wholly for cod or take cod in noteworthy quantities, together with 
other << ground fish," is not less than 600, of over 25,000 net tons burden, 
carrying about 7,000 men, and with a value of $3,000,000, besides which 
there- are very large fisheries carried on from boats and small vessels 
of less than 5 tons burden. The approximate annual value of the cod 

* The oyster fishery is the most important branch of the fishing industry of the 
United States. 
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catch in 1898 was aboat $2,000,000, a sum represeDting the first valne 
of the fish. The weight of the fish as landed from the vessels (iresh, 
split, and salted) was about 96,000,000 poaiids. 

The cod fishery is prosecuted in all the coastal States from Maine 
to Kew Jersey, being most important in Massachusetts and Maine. 
Gloucester and Boston are the principal fishing centers. On the 
Pacific coast there is an important fishery in Alaska, carried on by San 
Francisco vessels. 

God are taken with hand and trawl lines, baited with fish, squid, etc., 
and fished from small boats or the vessel's deck. The principal grounds 
in the Atlantic are the famous << banks'' — Grand, Georges, Western, 
Quereau, etc ; on the Pacific coast the Shumagin Islands are the chief 
grounds. Small quantities are taken in traps at places on the 'New 
England shore. 

ABTIFIOIAL PROPAGATION. 

The cod is propagated artificially on a more extensive scale than 
any other marine fish. Artificial hatching was first undertaken at 
Gloucester, Massachusetts, in the winter of 1878-79, and has since been 
regularly prosecuted on an increasingly large scale at both Gloucester 
and Woods Hole. Up to and including the season of 1896-97, the 
number of cod fry liberated by the Commission on the east coast was 
449,764,000. The output of fry in the last-named year was 98,000,000. 
The unmistakable economic results which have attended these efforts 
warrant all the time and money devoted to them and justify the greatest 
possible expansion of the work. 

« 

OOLLEGTINa EGOS ON THE FISHING-aBOUNDS. 

The following methods are pursued in collecting cod eggs for the 
United States Fish Commission station at Gloucester. 

As cod are abundant in Ipswich Bay during the winter, vessels ftom 
Gloucester, varying in size from 10 to 70 tons, engage in fishing there, 
starting from Kittery Point, Maine, or Portsmouth, New Hampshire, 
where they market their catch, secure bait, and obtain supplies. At 
the beginning of the cod season (which usually opens from the middle 
to the last of November) arrangements for the board of the men, dory 
and building hire, transportation of eggs, etc., are made with persons 
at Kittery Point and permission to place spawn-takers aboard the 
fishing vessels is obtained, with the understanding that they will be 
allowed to take eggs from the fish secured, that they be given the 
freedom of the vessel in order to properly care for the eggs, and that 
no charges be made against the Commission except that 25 cents be 
paid for each meal furnished the spawn-takers. After these arrange- 
ments are made the men are directed to board such of the fleei as are 
at the time meeting with the best fishing, but as the fish are not of 
uniform abundance in the bay it is necessary to keep a vigilant watch 
on each vessel's catch as it is landed, daily, to know where to place 
^^e spawn- takers to the best advantage* 
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A spawu-taker's outfit consists of a water bucket or pail, a dipper, a 
siphon, a thermometer, and a tin spawn-kettle about 2 feet long, 1 foot 
wide, and 8 to 9 inches deep; the kettle has a cover and handle. 

When new spawn-takers are employed they are instructed in the 
work and sent out in vessels with the experienced men to familiarize 
themselves with the methods. The spawn-takers ordinarily leave their 
boarding-places at 1 o'clock in the morning (though the time varies 
somewhat, according to the weather) and join the boats anchored in the 
harbor of Kittery or at Portsmouth. During moderate weather the men 
frequently go aboard before midnight, as the vessels must sail when 
the tide is favorable, to avoid getting becalmed or meeting a head tide, 
either of which might prevent them from reaching the fishing-grounds 
in good season. 

After joining the vessels, the spawn-takers usually assist the fisher- 
men in getting under way, managing the ship, etc., and on reaching the 
place where the nets or trawls are set — usually 6 to 10 miles distant — 
the spawn-takers help the crew^s in hoisting out and dropping the dories 
on the gear as each buoy is reached, the men remaining on the vessel's 
deck with the captain while the fishermen are hauling or under-running 
their gear, and until they return to the vessel with the fish. 

As soon as the dories begin to arrive with fish, the work of the spawn- 
taker begins. As the fish are pitched aboard, the spawn-taker stands 
ready to examine each one and select those that may contain ripe eggs 
or milt. As the dories are usually picked up in the same ortler in which 
they are dropped, there is opportunity to strip the fish without much 
hurry, but sometimes several are picked up in a short space of time, 
and if a large quantity of fish is landed the catch remains, on deck 
until the spawn-taker can overhaul it. In bad weather, however, when 
the fish would be in danger of being washed away^ they are put in bins 
on deck and can be pitched from one bin to another by the spawn- 
taker as the condition of each is determined. Usually one of the crew 
assists in this work and often renders valuable assistance. Great care 
is taken not to get any green or dead eggs with the good ones and to 
keep the eggs as free from foreign matter as possible; but in rough 
weather, when the vessel is pitching or rolling heavily, vigilance in 
these respects is necessarily somewhat relaxed. 

The spawn-taker seizes the fish by the tail, i)laces the head under the 
leit arm, if it is not too large, leaving the right arm free for stripping 
the fish, which is done in the usual way. Only live fish or fish recently 
(lead are used. 

The eggs are first taken in a common pail, the inside of which has 
been moistened with water. Then a sufficient quantity of milt to 
fertilize the eggs is added and thoroughly mixed with them and allowed 
to remain from 10 to 20 minutes, or longer, after which water is added 
and the eggs are carefully cleaned by siphoning off the old water 
and putting in fresh water until all the slime and milt are drawn from 
the pail. The good eggs, which rise to the surface of the water, are 
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then transferred to the spawn-kettle containing clean water and the 
poor or dead eggs are thrown away. 

All the eggs obtained on a given vessel are kept in the kettle until 
the receiving-honse on shore is reached^ the water on the eggs being 
changed at intervals during the passage in; and to keep the tempera- 
ture uniform, the eggs •are shifted from one part of the vessel to 
another, according to conditions. Sometimes, when the sea is very 
choppy or rough, the pall can not safely be used, as the eggs will spill 
out, and they are then sti'ipped directly in the spawn-kettle and cleaned 
as well as possible. 

It was formerly the practice to take cod eggs in a small quantity of 
water^ but during the season of 1890-97 it was determined to test the 
relative efficacy of the so-called wet and dry methods of fertilization. 
Some of the spawn-takers were instructed to employ the dry method 
and others the wet method. Tlie experiments show that when eggs 
were taken by the dry method a much larger percentage was fertilized 
than when taken in water. Eggs from fish caught on trawl lines inva- 
riably yield a larger percentage of fry than those from fish caught in 
nets, although fine eggs are frequently obtained from net fish. The 
explanation seems to be that fish caught in nets soon become entangled 
and are either drowned, or nearly so, shortly after being meshed; they 
struggle a great deal more than fish on trawls and the greater part of 
them are dead when taken into the boats, many of them being scaled, 
which indicates severe exertion in trjring to escape. Trawl fish, on the 
other hand, are almost always alive and active when taken from the 
water, and very few fish without scales are found unless the gear has 
been out a long time or has been set during a heavy storm, when, of 
course, many of the fish will be dead. 

Better results are obtained from eggs taken when the weather is 
fairly cold than when it is warm, as when the temperature is high it is 
difficult for spawn takers to keep the water containing the eggs at a 
safe temperature, and before the egg house on shore is reached there is 
almost always a heavy loss. When the weather is too cold for eggs to 
be kept on the vessel's deck the spawn-takers put them below the deck, 
where the temperature will be suitable. 

Many difficulties and much exposure are encountered by the men 
who collect cod eggs on the fishing vessels, and during severely cold 
and windy weather, when the deck is covered with ice and the fish 
freeze stiff in the dories before they reach the vessel, it is practically 
impossible to get good eggs. During boisterous weather, when the 
fleet succeeds in hauling tlie gear only once or twice a week, the greater 
part of the catch is generally dead when taken. A spawn-taker often 
secures a good lot of eggs and can find no ripe milt fish, but in this 
event he will, if the weather permits, visit the nearest vessel in quest 
of milt. Sometimes there is a school of milt fish in the bay and very 
few female fish, and a vessel may catch several thousand pounds of cod 
day after day without finding ripe spawn in any of them, while another 
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vessel, fishing only a short distance away and not catching many fish, 
will get a comparatively large number of spawners. 

The spawn-takers are instructed not to take eggs from fish that have 
died on trawls or in nets, although fine lots of eggs are often taken from 
fish that die in the dories before they reach the vessel, showing that the 
eggs do not die immediately after the fish expire. The vitality of the 
eggs after the death of the fish varies in different cases and depends on 
the conditions of the eggs and the fish at the time the fish are caught, 
the state of the weather, etc. An experienced spawn-taker can almost 
always distinguish readily between good and poor eggs, although it is 
not always possible to determine whether or not a given lot of eggs will 
live. As the weather and the nature of the school of fish in the bay 
regulate the collection of eggs, the results of a season's work can not be 
estimated in advance. It has been observed that roe fish are found in 
largest numbers previous to an easterly storm and when the wind is 
from the south or west. During heavy westerly winds cod appear to 
approach quite close to the beach, and when the wind blows from the 
eastward and the sea begins to rise, they leave for deeper water. 

When fishermen are hauling their nets and trawls, they frequently 
notice spawn being emitted from fish when they are landed in the 
dories. Such fish are laid away on their backs in the stern of the boat 
and when the vessel is reached are carefully passed to the spawn-taker, 
many egg^ that would otherwise be lost being thus saved. 

When the price of fish is low at Portsmouth or the wind is unfavor- 
able for making that harbor, some of the fleet go to Eockport to sell 
their fish, and should spawn-takers be on such vessels they immediately 
take their eggs to Gloucester when the vessels arrive in Bockport. 

Usually the fishing vessels return to Kittery Point between 1 o'clock 
and 10 o'clock p. m. Immediately on landing, the spawn-takers carry 
their collections to the egg-house on shore, where the spawn is carefully 
examined, cleaned, packed, and shipped to Gloucester by first train. 
In shipping eggs large fruit jars are used. About 350,000 eggs are put 
in each jar, the jar is filled with water, the to^ is securely fastened, 
and the jar is placed horizontally in a large iron kettle made especially 
for the purpose and holding five jars. The jars are wrapped in burlap 
before they are put in the kettles, to prevent them from breaking, and, 
when necessary, snow or ice is put in each end of the kettles to keep 
the temperature uniform during transit, but it is not allowed to come 
in direct contact with the jars. 

A messenger usually accompanies the eggs and gives them constant 
attention until they are delivered at the station. The suow or ice is 
removed from the kettles, if the temperature ^alls too low, and replaced, 
if necessary, the messenger making frequent use of a thermometer. 

In preparing eggs for shipment without messenger, they are first 
cleaned carefully by drawing off all dead eggs or dirt, then put in large 
fruit jars in the same manner as when they are shipped to Gloucester, 
and the jars are packed horizontally in large woodcR cases holding nine 
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jars each. Bockweed or moss, together with ice or snow, is used ^l 
packing them, the former being placed around the jars and the latter 
put in the bottom, sides, and top of the case to keep the eggs cool. 
Successful shipments are often made by express. 

Some dif&culty has been experienced in keeping large lots of eggs 
over night at Eittery Point, as the facilities are insufficient for chang- 
ing water or for spreading the eggs out to overcome the injurious effects 
of prolonged crowding; but when it is necessary to so retain them, they 
are put in McDonald jars in which the water is changed as often as the 
supply will permit. As the water in the harbor is partly fresh and 
unfit for this purpose, it is necessary for spawn-takers to bring in a 
supply from the open bay in large transportation cans. 

CAPTURING AND PENNING BROOD OOD. 

Practically all of the cod fry hatched at Woods Hole prior to 1896 
represented eggs taken from penned fish. Some of the cod collected 
for breeders are caught by the crew of the Fish Commission schooner 
Qrampua and some are purchased from commercial fishermen* Two 
or more smacks usually engage in fishing for the station during the 
collecting season, which is from about October 1 to November 30.- The 
grounds resorted to are east of Nantucket and around Block Island. 
The fish are taken with hand lines fished from the deck while the vessel 
is drifting, in water from 10 to 40 fathoms deep. Those taken in the 
shoaler water are preferable to those coming from deep water, as the 
change to the shallow cars in which they are held at the station is less 
pronounced. Great care is exercised in catching the fish, for when 
hastily hauled up from deep water they are very liable to be " poke- 
blown," that is, they have their stomachs turned inside out through the 
mouth. When drawn in with moderate speed, they become adapted to 
the gradually diminishing pressure and do not suffer injury. It is also 
important in unhooking the fish not to injure its mouth any more than 
is absolutely necessary, as the wound caused by the hook firequently 
spreads and forms a large sore and eventually kills the fish. AU the 
vessels which collect eod for the station are provided with wells in which 
the fish are placed and held while in transit. 

When a vessel arrives at the station with cod, the fish are immedi- 
ately transferred with dip nets from the well to live-cars 16 feet long, 
6 feet wide, and 5 feet deep, which are constructed of wood and divided 
into two compartments by a crosswise partition. As the fish obtained 
from smacks are paid for by the pound, it is customary to weigh about 
10 per cent of each load and estimate the total weight by the average 
of those weighed. While being weighed, the cod are also counted, 
about 500 being put in each car. The cars are moored in the middle 
of a pool or basin protected on all sides by a wharf, which breaks the 
force of the sea in stormy weather and affords a sheltered place for 
handling the fish and taking the eggs. 

Cod take little or no food when sjiawniug. The impounded brood 
fish are often tempted with fresh fish and with fresh and salted clams^ 
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but they can rarely be induced to eat. A certain percentage of the 
penned fish die and are removed at once from the cars. The develop- 
ment of the sexual organs is noted when the dead fish are taken out. 
Fish about ready to spawn are placed in a separate car and carefully 
watched. They are examined two or three times a week and any ripe 
eggs are taken. 

In taking and fertilizing the eggs of brood cod the same general 
methods are followed as are adopted on the fishing vessels in Ipswich 
Bay. The spawn-taker grasps the ripe fish near the tail with his lefb 
hand and holds the fish's head either between his body and left arm or 
between his thighs, using his right hand to strip the fish. The eggs 
are usually taken in a bucket. Both the dry and wet methods of fertil- 
ization are used at Woods Hole. Usually about 80 per cent of the eggs 
taken are fertilized. Unlike many other fishes artificially propagated, 
the cod does not yield all of its eggs at one time. After expressing all 
the eggs possible from a given fish, it is returned to the live-car, and in 
a few days will have matured more eggs, which are then taken. When 
the ov^ies have discharged all their eggs, the fish is released. 

In recent years from 1,600 to 9,000 cod have been penned annually 
in the protected basin at Woods Hole. Only from one-ninth to one- 
third of these, according to the season, yield good eggs. 

CHABAGTEBISTIGS OF OOD EGK^S. 

Cod eggs are nearly transparent, and float at the surface of the water 
when first taken. They vary in color from a pale green to a deep red, 
those having the green color being the best. Good f esults are seldom 
obtained from the red eggs, and those of a deep red color almost invari- 
ably die in three or four days after being received. Unless the density 
of the water is low, the eggs normally float during the entire hatching 
period. However, it frequently happens that, owing probably to the 
accumulation of sediment, the eggs gradually sink during the last third 
of the incubation period, and finally mass together on the bottom of the 
hatching-box; here they would quickly smother but for the current. 

Floating eggs are not necessarily good ones, for unfertilized and 
injured eggs usually float 18 to 36 hours before going to the bottom. 
Unfertilized eggs may be readily detected, as they have no disc which 
marks fertilization and have a milky appearance. Tlve dead eggs 
quickly sink, and are easily distinguished from the sound eggs by a 
white spot in the cent/Cr. 

Eggs received at the hatchery are transferred from the vessels in 
which they came to Chester jars partly filled with water, and in 10 
or 15 minutes they rise to the surface in a dense mass. The eggs are 
put in each jar to the depth of an inch, a quantity representing approx- 
imately 379,000 eggs. If the hatchery is full, about a fifth more eggs 
may be put in a box, the maximum number that may be safely carried 
being 450,000. The first measurements are carefully made, as they form 
the basis for sabsequent estimates. As soon as the eggs are measured 
they are transferred to the hatching-boxes with dippers. 
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THE APPUtATlIS USED IN HATOHIHO GOV. 

The apparstas aud methodB employed ia cod-coltare are tbe oat- 
growtli of long experience and stady aQd have as their special features 
the closest possible simulation of natural conditions. The apparatas 
now in general use is tbe so-called McDonald or automatic tidal box. 
The boxes are constrncted in series of 12 or less, the number depend- 
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ing on tbe size of the hat«bing-rooni, the arrangement of the batehlng- 
tables, or other conditions. Tbe Gloucester hatuliery liiis 8 tables of 
9 boxes each, and Woods Hole 14 tables of 13 each. At Gloucester 
26,000,000 eggs can be hutched at one time, and at Woods Hole 
65,000,000. For a wootlcn framework to accommodate 9 boxes snoh 
as are used at Gloucester the outside dimensions are: Length, 10 
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feet; width, 3 feet 8 inches; depth, 11 inches. The table or trough is 
constructed of 2-inch lumber and raised to a convenient height by 
short, stout legs. The table is divided into 9 watertight compart- 
ments by means of crosswise partitions of 1^-inch plank. 

At Woods Hole the dimensions of the troughs containing 12 boxes 
are as follows: Length over all, 13 feet; width, 2 feet 7 inches; depth, 
12 inches. The plank is 1^ inches thick. The bottom of the trough is 
2i feet above the floor. The compartments are separated by l^inch 
partitions and are 22 inches long, 12 inches wide, and lOf or 11 
inches deep. 

Two inches from each end of each compartment there is a 1-inch 
wood partition. The partition d at the supply or upper end of the 
compartment extends with its middle portion to the bottom of the 
trough, while the two sides extend only to within 1^ inches of the bot- 
tom. The partition e, at the discharge or lower end of the compart- 
ment, extends its full length to within 1^ inches of the bottom of the 
trough. Between the two partitions d and e in each compartment there 
18 snugly fitted a movable box in which the eggs are placed. This 
box, which is constructed of ^-inch plank, is 9 to 9^ inches deep in the 
center, but only 8 inches deep at the corners, the bottom sloping 
upward toward the sides and ends of the box and being covered with 
linen scrim. A wooden strip at the bottom, ^ inch thick and conform- 
ing to the shape of the bottom of the box, extends the length of the box. 
The box rests on cleats in the corners of the compartments which keep 
the center of the box 1.^ inches above the bottom of the trough. 

The space at the supply end of each compartment is divided into 
three pockets by 1-incIi wood partitions. The middle pocket connects 
with tbe main compartment by means of a small hole (^ to ^ inch) 
through the center of the partition and end of the box immediately 
above the lengthwise strip, and the two lateral pockets connect by a 
space at the bottom with the main compartment. 

At Woods Hole the water used in hatching is pumped from the 
harbor to two tanks of about 18,000 gallons joint capacity. The water 
is led to the hatching-room through a 4-inch wooden pipe and is sup- 
plied to the hatching apparatus through a 2^-inch hard-rubber pipe 
which branches from the main pipe and runs directly over each row of 
tables. At Gloucester the main supply-pipe is of hard rubber, 3 inches 
in diameter; this leads from a tank of 15,000 gallons capacity, the 
bottom of which is about 6 feet above the level of the troughs. A small 
soft-rubber tube, provided with a rubber petcock, carries the water to 
the middle pocket at the back of each box. As the pocket is always 
full of water when the boxes are in operation, a considerable amount 
of water goes through the small hole with much force, creating a strong 
current in the box and keeping the eggs in constant rotary motion. 
This current is one of the principal features of the apparatus. 

Much more water enters the middle pocket than can pass through 
tbe smaH bole into the box, and the surplus flows over the sides and 
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^ters the main oompartment from below, coming up through the scrim- 
covered bottom into the movable box. 

The partition forming the pocket at the lower or front end of the box 
only extends to within 1^ inches of the bottom, leaving a space 
through which the water runs from the compartment. In the bottom 
of the pocket there is an opening in which the vertical waste-pipe fits. 
This pipe is brsiss, ^ inch in diameter and 10 or 11 inches long; the top 
of the pipe is 7 inches above the bottom of the table. The waste-pipes 
from the different boxes discharge into a trough which carries the water 
from the building. 

A particularly imi>ortant part, and the one which gives the name 
^^tidal box" to the apparatus, is used in conjunction with the waste- 
pipe. This is a brass siphon-cap, which fits over the upper end of tbe 
waste pipe. The cap is a tube, closed at the top, 9 inches long and H 
inches in diameter. It is kept at any desired height on the waste-pipe 
by wire springs in the cap or by other means. 

By virtue of the siphon attachment the water in each box rises to 
the height of the top of the waste-pipe and begins to run over. This 
partly exhausts the air in the cap, more water rushes in, and the pipe 
becomes filled with water; then the siphon begins to act and takes off 
the water to a level of the bottom of the siphon-cap. Usually the cap 
is pushed about half down the waste-tube, although the height of the 
water in the box after the discharge ot the siphon is regulated by the 
manner in which the egg^ are working. About 7 miuntes are required 
for the water to be drawn down and the box to a^^^ain fill, and approxi- 
mately two-fifths of the water is taken of! at each discharge. By this 
arrangement the water in the boxen is constantly rising and falling 
automatically; the movements of the waves are thus simulated, the 
eggs are kept in constant circulation, and fresh water is continually 
entering the boxes. 

The Chester box was generally used in cod-culture up to a com- 
paratively recent date, and is still occasionally employed in marine 
fiKhcultural operations. The g^ieral object of its construction is the 
production of an automatic rise and fall of water, ns in the McDonald 
box, although it differs from the latter in some essential particulars. 
It consists of a box of variable dimensions in which jars are placed for 
the reception of the eggs. A convenient size of box is 7J feet long, 2 
feet wide, and 24 feet deep. From 4 to 8 large glass jars are arranged 
on wooden supportJS 7 or 8 inches above the bottom of the trough. 
Smaller boxes, to accommodate only 2 or 4 jars, are also used. The jars 
are about 9 inches in diameter and are of two heights — 9 inches and 17 
or 18 inches; they have straight sides and a flat bottom with a central 
half-inch hole. 

The jar is placed in the box in an inverted position, with its botrtom 
above the level of the top of the trongli. The sea water supplying the 
trough enters the compartment at one end of the trough and escapes 
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by means of a siphon in the other compartment, running through a hole 
several inches below the top of the trough. The trough fills with water 
up to a level with the hole, when the siphon begins to act and takes off 
the water more rapidly than it enters, to a level with the inner end of 
the siphon, the fall being 4 to 5 inches. Air then enters the siphon, 
and it ceases to act until the water has again risen to the height of the 
discharge hole. The water thus rises and falls in the jars automatically, 
the interval between the successive discharges being regulated by the 
length of the inner arm of the siphon, the size of the tube, and amount 
of water supplied. 

After the eggs are introduced into the jars a piece of cheese-cloth or 
linen scrim is placed over the top, and fastened by means of rubber 
bands. The jar is then inverted and placed on the wooden supports 
provided for the purpose, and the plug in the bottom removed to allow 
the escape of the air and the rise and fall of water. The number of 
eggs per jar is about 190,000 or 200,000. 

DEVELOPMENT OF THE BOG. 

The development of the cod ^gg is greatly influenced by the wat«r 
temperature, wbich fluctuates from day to day and makes it difficult to 
state exactly when the eggs will hatch. With a high temperature the 
advancement of the egg through the different stages proceeds rapidly 
and can readily be appreciated with the unaided eye, while with a low 
temperature the development is slow and may be greatly prolonged 
by very cold water. With a mean temperature of 47^ cod eggs begin 
to hatch in 11 days, although 2 or 3 additional days are usually nec- 
essary for all the eggs of a given lot to hatch. At 43° the time is 14 
or 15 days, and at 38^ it is 20 to 23 days. The best results are obtained 
when the temperature ranges from 41° to 47°. The hatching proceeds 
satisfacitorily with the water at 38^, but with a lower temperature 
the incubation period is so long that the fry are very weak. On the 
natural spawning-grounds the water seldom gets below 38°, while at 
the stations after January 1 the water used for hatching rarely gets 
as wjirm as 37°, and often is as low as 31°; from the middle of January 
to the latter part of February it remains at about 32°. Since it is 
impossible to do even fair work when the water gets below 35^, it has 
been the practice to warm the water bypassing it through a coil of pipe 
contained in a tank of warm water or by introducing steam dbectly 
into the water pipe whenever the hatchery water gets below 37°. 

The water being at 47^, during the first 4 days the egg passes 
through the different stages of segmentation; at the end of that time 
the germinal area begins to assume the general form of a fish; and by 
the ninth day the fish is quite well formed, and may be readily seen 
with the naked eye. By the tenth day the embryo shows signs of life, 
and under the microscope the heart may be seen to beat. 
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Following is a table showing the approximate time required for cod 
eggs to hatch, with the water at the stated mean temperatures : 
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Moderately clear water is essential to the healthy development of 
the fry. If much sediment is present it collects on the eggs and acts 
very iiyuriously, ofben killing them. Sometimes eggs become so coated 
with sediment that the fry appear to be unable to burst the shell; 
some lots of eggs thus affected have been known to retain fry fully two 
weeks beyond the normal period of incubation. 

With eggs carefully taken and fertilized, and clear water of a 
temperature from 41° to 47^ F., it is possible to hatch from 70 to 85 
per cent of the eggs, but when the temperature gets below 38^ the 
percentage of fry hatched is only from 25 to 50, and the average for the 
season is thus greatly reduced. The number of fry hatched is deter- 
mined by deducting the losses shown on the hatching-cards from the 
number of eggs originally in the box. One liquid ounce is estimated 
to contain 10,524 eggs. 

OLBANINO THE B008. 

Owing to the accumulation of sediment and other foreign matters in 
the hatching-boxes, it is necessary to clean the eggs daily, running the 
sound eggs from one box to another through a slot, the dead eggs 
being left behind. The slots in the partitions dividing the hatching 
compartments correspond with similar slots in the boxes ; they are 3 
to 3^ inches long and l^ inches deep, and are i3laced 3 inches from the 
front of the compartments. To begin the cleaning of a given row of 
boxes, a glass slip is fitted into the slot between the second and third 
boxes, the first box being left empty for the purpose of receiving the 
cleaned eggs from the second box. A wooden plug is then put in the 
current hole at the back of the second box, and the siphon cap is 
removed from the waste pipe; this allows the box to fill with water, 
and the eggs, undisturbed by the current, rise to the surface. The 
water is allowed to enter the first box and to gradually fill it to the 
level of the waste-pipe, and is then turned off". A plug is next put in 
the waste-pipe of the box containing the eggs; the water rises till it 
reaches the slot, and then runs over into the first box, carrying the good 
eggs with it, while the dead eggs remain in the box. The regular water 
circulation is then established in the first box. 

The inner box from which the good eggs have been removed is taken 
out and the remaining eggs are washed into one end and poured into 
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a glass graduate. The dead eggs qaickly sink and the quantity, in 
ounces, is noted on a card attached to each box. If there are any good 
eggs in the glass they are saved; the spoiled eggs are thrown into the 
waste- trough. Both the inner box and the trough in which it rests are 
thoroughly washed and sponged after each change. 
When the inner box is replaced it is made ready for the eggs to be 
1^ transferred from the third box, and the same method is pursued until 
all the boxes have been cleaned. Eggs recently taken, being on the 
surface, run over very quickly, 5 or 10 minutes usually sufficing for 
the transfer of a box of 400,000 eggs; but when eggs become heavier, 
as a result of development, the cleaning takes much longer, as it is then 
necessary to run them into the lower part of the box (as in removing 
dead eggs) and to dip them out, care being taken to keep the lower 
end of the box in the water while manipulating them. As the loss of 
eggs has ceased by the time they reach this stage, everything in the 
box may be dipped over, and with care no damage is done the eggs. 

THE FRY. 

When the fry first hatch they are much curved in shape and show 
but little vigor. If the water is comparatively warm they rapidly 
straighten out and become stronger. At this stage they float at the sur- 
face, except when forced about by the current. As they get older they 
frequent the upper water less and if kept in the boxes till the mouth 
begins to ftinctionate most of them remain on or near the bottom. 

As soon as the first fry in a given box make their appearance the 
eggs are aU runrover for the last time. As the fry are comparatively 
delicate they are handled as little as possible and with great care. 

The fry are planted as soon as practicable. If all the eggs of a given 
lot have not hatched it is better to plant them with the fry rather than 
hold the latter until incubation is complete, for the boxes soon become 
foul from the accumulation of eggshells and the eggs will haitch in a 
very short time, especially as the water on the spawning-grounds is 
usually 3 or 4 degrees warmer than the water in the hatchery. 

When the fry are to be removed from the boxes, preparatory to plant- 
ing, a plug is put in the current hole at the back of the box, and in a 
short time most of them will come to the surface.. They are then dipped 
out and put in transportation cans. About 200,000 fry may be safely 
carried in a 10-gallon can. Deposits are usually made on the natural 
spawning-grounds. 

F. M. 14 



THE MACKEREL. 



DESCRIPTION, SIZE, ETC. 

The genus Scomber^ of which the mackerel (Scomber soomhrtis) is 
the leading representative, is distinguished from related genera of 
scombroid fishes of the Atlantic coast (Aujnuj the frigate mackerels; 
G^mno«arr/a, the little tannics; T^unnii^, the great tannics; 8arda,the 
bonitos, and ScomberomoruSy the Spanish mackerels and kingfish) by 
the small size of the species, by the absence of a median keel on each 
side of the caadal peduncle, by a short spinous dorsal fin having 9 to 
12 spines, by the i)attern of coloration, and by a number of other 
characters. 

The body of the mackerel is fusiform and but little compressed later- 
ally. Tiie staudard length is 3^ times the depth. The caudal peduncle 
is slender, with a small keel on either side. One-third of the total 
length without tail consists of the head. The eye is rather small, its 
diameter being only one-fifth the length of the head. The mouth is 
large and armed with a row of small slender teeth in each jaw. There 
are two dorsal fins, the anterior containing 11 spines and the posterior 
12 ra^s, following which are 5 finlets; the formula of the anal fin is 1 
spine, 11 rays, and 5 finlets. The scales are very small, numbering 
several hundred along the lateral line. The color is dark blue above 
and white below. About 33 dark wavy vertical streaks mark the back. 

The common mackerel closely resembles the other species of the same 
genus found on both tl>e Atlantic and Pacific coasts, namely, the bull's- 
eye, chub, or thimble-eye mackerel {8. colias), but is separated ft^om it 
by the absence of the air-bladder, more dorsal spines, smaller eye, and 
somewhat dififereut markings. 

The length of the full-grown mackerel is 17 or L8 inches, but fish a 
little over 20 inches long, and weighing upward of 3^ or 4 pounds, are 
occasionally taken. The average length of the market catch is about 
1 2 inches. Such a fish weighs from three-fourths of a pound to a pound. 

Small mackerel are known among the fishermen by several names, 
such as " spikes," "blinkers,'' and " tinkers." Spikes are tlie smallest 
caught by the commercial fishermen ; they are 5 or 6 inches ^ng and 
are 5 to 7 months old. Tinkers are under 9 inches in length and are 
supposed to be about two years old. Blinkers are intermediate in size 
and age. Maturity is probably attained in the fourth year. 

DISTRIBUTION, MOVEMENTS, ABUNDANCE, AND SPAWNING. 

This species inhabits the North Atlantic Ocean. On the American 
coast its range is from Gape Hatteras to the Straits of Belle Isle. On 
the European coast the fish is found from northern Norway, in latitude 
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71^9 to the Mediterranean and Adriatic. It is not recorded from the 
West Indies, Bermudas, Golf of Mexico, Soath America, or Africa. 

On the east coast of North America mackerel first appear in the 
spring off Oape Hatteras and sabseqaently reach the shores of the 
Middle and New England States and the British possessions, migrating 
in from the sea from a southerly or southeasterly direction. Certain 
bodies of fish seek the New England shore, while others first strike the 
shore of Nova Scotia and follow it into the Gulf of St. Lawrence. 
They leave the coast in the same way in fall and early winter. 

The mackerel is a wandering fish. Its movements when in the coast 
waters are undoubtedly regulated by external causes not yet clearly 
understood, but food, temperature of water, and reproduction are potent 
factors. 

The mackerel is one of the most abundant fishes found on the Atlan- 
tic coast. It goes in schools, often of immense extent. The testimony 
of reliable fishermen relative to the size of schools observed often 
seems incredible; thus one school seen in the South Channel in 1848 
was half a mile wide and at least 20 miles long. Another school noticed 
off Block Island in 1877 was estimated to contain 1,000,000 barrels. The 
schools swim at the surfE^ce or at varying depths beneath the surface, 
and present a comparatively broad front. 

From the earliest times, there have been periods of scarcity of mack- 
erel alternating with seasons of abundance. As early as 1670 the 
Colony of Massachusetts enacted laws for the preservation of mackerel. 
Since 1885 there has been the most noteworthy and prolonged scarcity 
of the fish of which there is any record. The New England catch in 
1885 was 330,000 barrels, and in the 8 years ending in 1885 averaged 
309,000 barrels^ in 1886 it fell to 80,000 barrels, and in the succeeding 
10 years aggregated only 481,000 barrels; was several times below 
25,000 barrels, and never exceeded 89,000 barrels. The yield in 1898 
was 5,769,000 pounds, fresh, valued at $307,000, and 15,500 barrels^ 
salted, worth $179,000. 

The spawning season on the east coast of North America includes 
the months of May, June, and July, June probably being the principal 
month. The spawning-grounds are in rather deep water and extend 
along the entire coast from Long Island to the Gulf of St. Lawrence. 
Most of the bays and sounds of the New England coast are important 
spawning-grounds, as is also the Gulf of St. Lawrence. Prior to 
spawnflig and for several weeks thereafter the mackerel are lean and 
I)oor and never make No. 1 fish when salted. 

FOOD AND ENEHIES. 

The mackerel feeds on a large variety of small animals, and is in 
turn eaten by a number of fishes, birds, cetaceans, etc. The relations 
existing between the presence of favorite food and of enemies on one 
hand and of mackerel on the other are frilly appreciated by the com- 
mercial fishermen, who are often guided in their search for fish by the 
>arance of mackerel food in. abundance qv of their well-known 
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enemies. The presence of food is frequently shown by flocks of birds, 
especially phalaropes, which are called *' mackerel geese." 

The principal food objects of the mackerel are small omstaceans; 
copepods predominate, but shrimps of various kinds, young crabs, etc., 
are also important. One of the surface-swimming copepods, known 
as "red feed,'' "cayenne," etc., is a very favorite food; when mackerel 
have been feeding freely on it, they spoil very quickly after being 
caught, owing to tbeir sides rotting or " burning." Fish constitute a 
rather important part of the mackerel's diet; herring, anchovy, sand 
launce, silversides, menhaden, and many other small fishes are eaten. 

Among fishes, sharks are, perhaps, the most destructive enemies; 
mackerel sharks and dogfish are known to prey on the mackerel, 
driving and scattering the schools. Other fish enemies are bluefish 
and cod. Porpoises and whales are often seen feeding on the mackerel 
schools. Large squids do great damage to small mackerel Among 
birds, the gannet is especially destructive. 

THE MACSiEBEI. FISHEBT. 

The mackerel is one of the best and most valuable food-fishes of the 
Atlantic Ocean. It is the object of Important fisheries in Norway, 
Ireland, and Great Britain, and is extensively taken in the United 
States and the British provinces of l^orth America. The fishery is 
prosecuted with vessels using purse seines, gill nets, and lines, much 
the largest part of tbe catch being taken in seines. In the boat fishery, 
lines and nets are employed. Stationary appliances, such as pound nets, 
trap nets, and weirs, also secare considerable quantities of mackerel. 

In the United States the vessel fishery is carried on chiefly from 
Gloucester, Mass. The vessels sail south in early spring, and fall in 
with the fish when they first appear off the coast of the Southern and 
Middle States, the catch being landed fresh in New York and Philadel- 
phia. The fleet next seeks the fish on the southern shore of Nova 
Scotia and follows 'the school north to the Gulf of St. Lawrence. 
During the summer some of the vessels enter the gulf, but most of 
them cruise on the New England shore, where most of the fall fishing 
is also done. Some ot the finest fishing vessels of the United States 
are engaged in this fishery. In recent years the fleet has numbered 
only 150 to 225 sail, but formerly nearly 1,000 vessels were at times 
employed in this branch. 

The shore and boat fishing is carried on from New Jersey to Maine. 
The fish thus caaght are as a rule sold in a fresh condition. 

The fishery is much less productive than formerly, and during the 
past ten years has not as a rule been profitable, although each year a 
few vessels make good catches and yield very satisfactory returns, 
owing to the high price of fish. The local fishing does not supply the 
home demand, and large quantities of fresh and salt mackerel are 
annually imported from Norway, Ireland, and the British provinces. 
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ABTIFIOIAL PROPAGATION. 

The artificial propagation of mackerel was more extensively prose- 
cuted in 1896 than in any previons year. The long-continiied scarcity 
of mackerel on the Atlantic coast of the United States seemed to 
warrant some efforts on the part of the Oovemment to increase the 
supply by artificial means. The limitations of mackerel culture dei>end 
on the erratic movements of the fish in a given season or on a given 
part of the coast and the difficulty of securing healthy eggs in large 
quantities from fish taken by the commercial fishermen. During the 
summer of 1896, 24,000,000 mackerel eggs were collected. The work 
was largely experimental and only a small percentage of fry was hatched, 
but the outlook is good for a great expansion of mackerel propagation. 

The egg of the mackerel is one of the smallest dealt with by the fish- 
culturist, being only ^ inch in diameter. Being provided with a large 
oil-globule, it floats at the surface, like the eggs of many other marine 
fishes. Within 48 hours after fertilization it generally begins to sink, 
remains in suspension a short while, and then falls to the bottom, 
where it remains until hatching ensues. 

Owing to the inability to retain mackerel in x)onds or live-cars pend- 
ing the ripening of the eggs, as is done with the cod, it is necessary to 
depend for the egg supply on the nets of the fishermen. The eggs 
collected at Woods Hole are secured from fish captured in pound nets 
near Chatham and at other points on the southern Massachusetts coast; 
at Gloucester traps in the vicinity furnish the eggs. As the nets are 
usually hauled only once or twice a day, the fish have often been caught 
for many hours, and the tender eggs have undergone considerable loss 
of vitality; the quality of the eggs seems to have a direct relation to 
the length of time the fish have been in the nets. 

One of the most favorable grounds for collecting mackerel spawn is 
Oasco Bay, on the coast of Maine. Mackerel are taken chiefly in drag 
nets set about 4 o'clock p. m., and hauled from 9 o'clock p. m. to day- 
light. Eggs from fish caught in the first hauls of the nets are of much 
better quality than those taken in the last lifts. 

In collecting eggs from pound nets the spawn-takers accompany the 
fishermen when they visit their nets and overhaul the mackerel as they 
are taken into the boats. The collection of eggs from the drag-net 
fishermen requires the spawn -takers to remain on the fishing-grounds 
from early in the afternoon until the next morning. 

There is nothing peculiar in the methods of stripping the fish, mixing 
the eggs and milt, and transferring the eggs from the field to the hatch- 
ery. Although both the wet and the dry methods of fertilization have 
been practiced, the latter apparently gives better results. The average 
number of eggs taken from a fish is probably about 40,000. Three 
mackerel, stripped at Woods Hole in 1893, yielded 434,500 ripe eggs, an 
average of 144,833 eggs. As many as 546,000 eggs have been taken 
from a l^-pound fish, and the largest fish probably yield fully 1,000,000 
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eggs. The largest number of eggs taken from one fish in Gaseo Bay 
in 1897 was 200,000. 

From the field the fertilized eggs are conveyed to the station in jars, 
as described in the chapter on cod propagation. For short shipments 
they may be transported in buckets or cans. 

Mackerel eggs may be artificially incubated in a variety of ways. In 
1896 three forms of apparatus were employed for comparative purposes. 
These were (1) the McDonald hatching-jar, with the water supplied 
through the long <;entral tube and discharged through a cheese-cloth 
top; (2) the Chester jar, and (3) the automatic tidal-box 5 the latter 
gave the best results. 

Owing to the very small size of the eggs, from 200,000 to 225,000 
may be placed in a Chester jar and 450,000 or more in a tidal box 20 
by 11 inches. The eggs are manipulated in about the same way that 
cod eggs are, but, owing to the short period of incubation, require very 
little handling. 

For reasons not yet definitely determined, but apparently connected 
with the condition of the eggs rather than the methods of hatching, 
mackerel ova are liable to exceedingly large mortality during incuba- 
tion. While as many as 75 per cent of aertain small lots of eggs have 
produced fry, less than 1 per cent of most of the eggs hatch. 

The period of incubation at a mean water- temperature of 58o is about 
6 days. In 48 hours after impregnation the embryo is discernible, and 
in 68 hours its development is far advanced. The critical period seems 
to be the end of the third day, when a large part of the eggs die. 

The fry are planted within 24 hours of hatching. They are taken 
to the natural spawning- grounds in regular transportation cans and 
liberated below the surface of the water. 



THE FLATFISH, OR WINTER FLOUNDER- 



The body of the flatfish (Pseudopleuroneetes americcmus) is regularly 
elliptical. The eyes and color are on the right side. The upper side 
of the head is covered with imbricated ctenoid scales similar to those of 
the body; the blind side of the head is^nearly naked. The teeth are 
close-sety incisor-like, and form a continuous cutting edge; the right side 
of each jaw is toothless. The length of the head is contained 4 times 
in the length of the body and the depth 2^ times in the body length. 
The dorsal fin* contains G5 rays and the anal fin 48 rays. The lateral 
line, which is nearly straight, has 83 scales. The color above is dark 
rusty-brown, either plain or mottled with darker; the young are olive- 
brown, spotted with reddish; the under parts are white. 

This species has a comparatively small mouth, and feeds chiefly on 
small shells, crabs, and other bottom animals. It is found on sandy, 
muddy, or rocky bottoms, and seems to prefer sheltered coves and 
bays. Its coastwise and bathic movements are limited. It is one of 
the most abundant flounders of the Atlantic coast, being especially 
numerous iu southern Kew England and J^ew York. It ranges as far 
north as Labrador and as far south as the Carolinas, but is not present 
in noteworthy quantities south of New Jersey. It does not attain a 
large size, the usual length being only 12 to 15 inches and the weight 
about 1^ pounds. Very rarely examples are taken over 20 inches long, 
weighing as much as 5 pounds. 

The winter flounder is exceedingly prolific, over a million eggs being 
laid by a large fish. Along the coast of the southern New England and 
Middle Atlantic States the spawning season is from February to April. 
By August the young fish, having attained a length of 1 or 2 inches, 
are found in shallow water along sandy shores. The species is obtained 
principally during the winter and spring months, and large quantities 
are sent to the markets, where it sells readily at good prices. The 
flesh is white, firm, and of excellent flavor. Next to the halibut and 
the summer flounder, or plaice (Faralichthys dentatus)^ this is the most 
important flatfish of the Atlantic coast. 

The wintei^ flounder has been more extensively propagated than any 

other species of Pleuronectidcty owing to the facility with which its eggs 

are obtained at Woods Hole, where its propagation fills in the time 

between the taking of cod eggs on one hand and of lobster eggs on the 

other, slightly overlapping the ending of the former and the beginning 

of the latter. The work covers that part of the year when the most 
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inclement and changeable weather occurs, and is necessarily somewhat 
limited in extent by uncontrollable physical and other conditions. 

During the fiscal year 1895-96, the collections of flatfish eggs num-v 
bered 11,008,000, which yielded 8,472,000 fry; in the year 1896-97 
84,691,000 eggs were taken, from which 64,096,000 fry were hatched. 

The flatfish from which eggs are obtained are very plentiful during 
February in the Woods Hole region, being found on saudy or hard clay 
bottom, and taken in fyke nets set in water from G to 14 feet deep. As 
many as 60 to 70 fish are sometimes taken at one lift of a fyke net, but 
as a rule not more than two or three of this number are gravid fish. 
These nets are usually some distance firom the station, and the fisli are 
carried to the hatchery in transportation cans, six or eight being put 
in one can. In some cases tliiis trip is made by water in a sail or row 
boat, while at other times it is made overland by team. The fish are 
often carried 10 or 12 miles without change of water and without 
apparent injury. A few are caught while the water teniperatare is 
as low as 33^ F., but they are more numerous after tlfe tem])erature 
reaches 34° or 36° F. On arriving at the station the fish are put into 
wooden tanks supplied with constantly changing water, and here they 
are held until ripe. It is customary to put both males and females in 
the same box or tank. The fish are examined daily and the eggs are 
taken from all which are found to have ripened, the stripped or spent 
fish being released. 

The eggs of the flatfish are quite small, there being 30 in a linear 
inch. Unlike the eggs of the cod, haddock, mackerel, and other marine 
fishes, they do not float, but sink to the bottom of the vessel in which 
they are held. They are not so heavy as those of tlie lobster, and a 
slight current causes them to rise and carries them to a point where there 
is still water, when they again go to the bottom. When first deposited, 
the eggs are very adhesive and stick togetherin one mass or in elusi^ers 
of diflerent sizes. This adhesiveness is overcome, in a measure, by 
thoroughly washing them, and, as this force gradually weakens as the 
c»ggs become older, usually nearly all the eggs are separate when they 
begin to hatch. The use of dry powdered starch is very eftective for this 
purpose; this mixes readily with the saltwater and admirably over- 
comes the glutinosity of the eggs. Its action is purely mechanical. 

In stripping, it is customary to fill a Chester jar with water and place 
Inside the jar a bag made of cheese-cloth, into which the eggs are 
allowed to fall. The fish is grasped by the head with the left hand, the 
mouth being in the palm of the hand, and the edge on which the vent 
is located turned from the spawn-taker. The right grasps the fish near 
the tail, and as it is moved with gentle pressure toward tl^e vent, at the 
same time that the left thumb is moving crosswise and exerting similar 
pressure, the eggs are extruded. The milt is then expressed in the 
same way; the eggs are stirred slightly with the hand to thoroughly 
mix them with the milt, and after allowing a short time for the action 
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of the milt they are cleaned and the superfluoas milt washed off by 
introducing a gentle stream of water into the bag and rolling the eggs 
from side to side. 

It frequently happens that fish held in tanks to mature deposit their 
eggs during the night In such cases the eggs are found on the bottom 
of the tank the next morning. They ai*e usually in clusters and when 
examined with the microscope it will be found that practically every 
egg is fertilized. 

A^r the eggs have been taken and fertilized the number is calcu- 
lated by measuring in a glass graduate and computing 48,726 eggs 
to the liquid ounce. The average number of eggs is about 500,000 to 
a fish. On March 6, 1897,30 ounces, or 1,462,000 eggs, were taken 
from a fish 20 inches long and IL inches wide, its weight being 3^ 
pounds after the eggs were taken. 

Flatfish eggs may be hatched in several kinds of apparatus, but the 
Chester jar is most used, in combination with the McDonald tidal box 
employed in incubating cod eggs. From 400,000 to 500,000 eggs are 
usually placed in each jar. The top of the jar is covered with cheese- 
cloth held in place by rubber bands. The jar is then inverted and 
placed in a tidal box. The usual complement of each box is 2 jars. A 
wooden frame of 1-inch strips is plaeed lengthwise on the bottom of 
the box for the jars to rest on, so as to raise them and allow the free 
circulation of the water. A hole in the bottom of the jar allows the 
air to pass in and out as the water inside rises and falls. The inner 
compartment, with a bottom of cheese-cloth, used in cod-hatching is 
omitted. 

As in using the jars the eggs are generally on the bottom all the 
time, the experiment has been tried of employing the McDonald box 
with the automatic current in order to keep the eggs in circulation. It 
having been found that the current commonly used for cod eggs caused 
the eggs to pile up in the end nearest the outlet, a stream was intro- 
duced into each end of the box and the water was allowed to escape in 
all directions through a perforated nozzle; the water was kept about 3 
inches deep in the bottom of the box by using a quantity sufiicient to 
prevent the breaking of the siphon. By this means a constant current 
is formed, the eggs develop nicely, and the fry hatch, but the current 
necessary to keep the eggs in circulation is strong enough to kill the 
iry by forcing them against the sides of the box. This experiment is 
therefore not considered a success. 

The period of incubation when the mean water temperature is 37° or 
380 F. is 17 or 18 days. 

The fry of the flatfish, although much smaller than those of the cod, 
are much more lively, and are straightened out when first hatched. 
Unlike the young cod, they do not float on the surface, but are scat- 
tered through the water from top to bottom, many being seen among 
the eggs on the bottom of the jars. Unlike the adults, the flatfish fry 
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swim with the body npright, as jonng fish of other families do, and 
when first hatched the eyes are on opposite sides of the head. At the 
age of about three months, however, one of the eyes will have moved 
to the other side of the head, to conform with the change of the 
body in swimming from an upright to a flat position. The position 
constantly assumed by the very young fry is i>ecnliar, the long axis of 
the body being vertical, with the head upward. This is owing to a 
large oil-globule in the anterior part of the yolk-sac. 

The fry are quite hardy and stand transportation very well, fhey 
have been kept three weeks without change of water in a bottle hang- 
ing in a box of running water to maintain an even temperature in the 
bottle. In planting the fry, which is done in one or two days after 
hatching, they are put into the transportation cans commonly used for 
such purposes and taken in a boat to localities in which the brood fish 
are found. The cans are put overboard and sunk until the mouth is 
submerged, when the contents are gently turned out. For a trip of not 
more than two or three hours' duration, with water temperature about 
380 F., from 400,000 to 500,000 fry may be safely carried in a 10-gallon 
can. 

THE SAND-DAB AND POUR-SPOTTED FLOUNDER. 

Besides the flatfish or winter flounder, two other flounders have been 
artificially hatched, on a small scale, at Wrods Hole; these are the 
sand-dab (Botht^ maculatns) and the four-spotted founder (Paralichthya 
oblongus). The eggs of both flsh are buoyant, and deposited in May. 
Those of the former are -^ ^^^^ ^^ diameter, and of the latter -^ inch. 
The period of incubation, at a temperature varying from 61^ to 64^ F., 
Is about 8 days. 



MISCELLANEOUS MARINE FISHES. 



In addition to the salt-water fishes previously considered, a nnmber of 
others have been artificially propagated by the U. S. Fish Commission. 
With some of these the fish-cnltnral work has been rather expensive; 
with others, hardly more than experimental. Among those to which 
most attention has been given are tantog, Spanish mackerel, pollock, 
and haddock. Others that have come in for a share of either practical 
or experimental work are sea herring, scap, sea bass, sqneteague, 
cunner, sheepshead, and several flonnders. 

The same methods of culture mentioned hereafter in connection with 
tautog are applicable in general to scup, sea bass, squeteague, and other 
species having floating eggs. 

THE TAUTOG. 

The tautog ( Tautoga onitis) is a strongly marked sx)ecies. It belongs 
to a family {Lahridce^ or the wrasses) characterized in part by one 
dorsal fin, thoracic ventral fins, double nostrils, thick lips, and strong 
teeth in the jaws. The tautog has an elongated body and a large head 
with a convex profile. The rather small mouth is armed with strong 
conical teeth in two series. The eye is small and placed high on the 
side of the head. The body is covered with small scales, in about 60 
transverse rows and 40 longitudinal series. The head is destitute of 
scales, with the exception of a small patch behind the eye. The dorsal 
fin is long and low, with 16 strong spines and 10 soft rays. The anal fin 
contains 3 spines and 8 rays. The body length is 3^ or 3^ times that of 
head and 2§ or 3 times the depth. The gillrakers are short, feeble, and 
number only 9. The color of adults is almost uniformly blackish or 
greenish; the young are marked by dark irregular crossbars on a pale 
brownish background; chin, white; iris, bright green. 

The tautog is of considerable importance in certain parts of its range. 
It is found from Maine to South Carolina, but is most abundant in 
Massachusetts, Ehode Island, and Kew York. It is one of the best- 
known shore fishes of the east coast, and goes by a variety of names, 
among which are blackfish, chub, oyster-fish, and moll, besides the 
most generally used name of tautog. 

The tautog inhabits principally rocky bottom, where it hides in crev- 
ices, often with its body in an apparently very unnatural position. It 
is quite susceptible to changes in temperature, and during winter enters 
into a state of hibernation in the more northern parts of its range. 
Its coastwise movements are very limited. Its sharp strong teeth 
enable it to consume mollusks and crustaceans, which are its chief 
food; it also eats sand-dollars, ^orms. imi4 Qther animals. 
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The tantog is taken for market in considerable numbers by means of 
lines and traps. It bites quite readily and is a favorite with anglers. 
Its average weight as caught for sale is not more than 2 or 3 pounds, 
but tautog weighing from 6 to 15 pounds are not rare. The maximum 
weight is about 22^ pounds; such a specimen from New York^ 36j^ inches 
loDg, is preserved in the U. S. National Museum. The annual commer- 
cial catch of tautog is about 1,000,000 pounds, valued at $25,000. Most 
of the ^eld is from Massachusetts, Rhode Island, and New Jersey. 

The spawning season on the southern New England coast extends 
from April to August, although June appears to be the principal mouth. 
The young are very abundant along the shores in the fall. 

The artificial propagation of tautog was experimentally undertaken 
at Woods Hole in 1886. In 1896, 31,431,000 eggs were taken in June; 
from these 17,575,000 fry were hatched and planted in neighboring 
waters. 

Tautog from which eggs for hatching are taken are obtained from 
nets or from line fishermen near the station and transferred to live-cars. 
When first brought in they seldom yield any eggs, but in 2 to 6 hours 
they may be stripped of a part of their eggs. The eggs taken after fish 
are held more than 6 hours are usually of no value, and those obtained 
from fish retained one night are invariably worthless. 

The tautog is very prolific. In 1896 a OJ-pound fish yielded 1,142,600 
eggs, and it was estimated that the ovaries contained fully as many 
more eggs that were not yet mature. The average number of eggs per 
fish is from 150,000 to 200,000. 

The eggs of the tautog are about ^ inch in diameter. They are 
buoyant, like those of the mackerel, and are susceptible of the same 
method of hatching. When placed in the automatic tidal box, they 
hatch in about 5 days, with the water temperature at 69^ F., and in 2 
or 3 days with the temperature at 71^. 

The newly hatched fry are transparent and exceedingly small, the 
length being only -^V inch. They are quite hardy and stand transpor- 
tation well. They are planted shortly after hatching. 

THE SPANISH MACKEREL. 

TThe Spanish mackerel {Sooinberomorus maculatus) is the best-known 
fisli of the genus and the only one that has received the attention of 
fisli-culturists. From the other species of Scomberomorus found on the 
eastern United States coast (S. regalis^ the kingfish, and S. cavalla^ 
the cero) this fish is, in part, distinguished by its smaller size and by 
the insertion of the soft dorsal fin in advance of the anal. The body 
is long, the head small and pointed, the mouth large and armed with 
prominent teeth. The anterior dorsal fin has 17 spines, the soft dorsal 
has 18 rays. The anal fin has 2 spines and 17 rays. Behind both the 
dorsal and anal fins are 9 small flnlets. The lateral line is wavy and 
has about 175 pores. The general color is silvery, dark -bluish above 
and whitish below. The ^14^ have numerous rouniied yeUaw|^ spots^ 
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This fish is widely distributed, being found on both coasts of North 
America. On the west coast it does not enter United States waters, 
but on the Atlantic seaboard it ranges from Texas to Massachusetts. 
It is especially abundant in the Gulf of Mexico, among the Florida keys, 
in Chesapeake Bay, and on the coast of the Middle Altantic States. 

Its maximum weight is about D pounds. Many weighing only 1 or 
1^ pounds are caught for market, and the average is less than 3 pounds. 

The Spanish mackereHs one of the choicest food-fishes of American 
wate/s; in popular estimation it is scarcely surpassed by any marine 
species except the pompano. It is caught throughout its range on the 
east coast with gill nets, seines, pound nets, and lines. The principal 
fishing is on the west coast of Florida, on the Louisiana coast, in the 
lower part of Chesapeake Bay, and on the coasts of "New Jersey and Kew 
York. The approximate annual value of the catch at present is $112,000, 
which represents 1,700,000 pounds. In 1880 the output was 1,887,000 
pounds, having a value of $132,000. The yield in the Middle States is 
much less than formerly, while in the Gulf States it has increased. 

The fish spawns throughout its entire range on the XTnited States 
coast. The spawning season is quite prolonged, extending from April 
in the Carolinas to September in Kew York, and in a given locality 
continues from six to ten weeks. All of the eggs in the ovaries of a 
given fish do not mature at one time; eggs in all stages of development 
may be found, suggesting a comparatively long spawning season for 
individual fish as well as for the species as a whole. The eggs, when 
laid, float at the surface, where they are driven about by wind and tide. 
Doubtless a large percentage of the eggs do not hatch, through failure 
of fertilization and by being stranded. The eggs are very small, their 
diameter being only ^^ to -^- of an inch. 

The artificial impregnation and hatching of Spanish mackerel eggs 
were first accomplished in 1880, since which time the propagation of 
the fish has been taken up on a number of occasions, although the 
work in any one season has been comparatively limited. 

The serious diminution in the supply of this species in certain sec- 
tions seems to call for its artificial cultivation whenever it can be taken 
up without detriment to the propagation of other more or equally 
important fish. 

In the work of artificially propagating this fish recourse has been 
had to the nets of commercial fishermen for the supply of spawn and 
milt. Chesapeake Bay has been the seat of the principal operations, 
which have been conducted by the steamer Fish Rawk. The catch of 
Spanish mackerel in this bay in pound nets and other appliances is 
very large, and the facilities for fish-cultural work of this character 
are doubtless superior to those of any other section, with the possible 
exception of the west coast of Florida. 

The necessity for depending on the fishermen for the supply of eggA 
is somewhat detrimental to the best results and prevents extensive 
work; although the owners pf fishing apparatua heartily cooperate. 
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Owing to the fact that the fish appear to spawn mostly at nighty 
when the x>oand nets are lifted in the morning the ripe eggs have in 
many cases been extruded before the spawn-taker could secure them. 
The injuries which the fish sustain while in the pound nets and during 
the hauling of the nets appear to seriously affect the eggs and cause 
the non-hatching of a comparatively large percentage. Undoubtedly 
better results may be obtained if a number of nets are fished exclu- 
sively for this purpose, insuring the careful removal of fish at the best 
times for taking and fertilizing the eggs. ^ 

The eggs are very delicate and susceptible to meteorological influ- 
ences. Their development is markedly affected by water temperature 
and atmospheric conditions; electrical disturbances, as with other fish 
eggs, are injurious, but to what extent and in what way are not known. 
The largest number of ripe eggs thus far taken from a single specimen 
is G0,000, but the average is only 20,000. 

The Chester jar, such as is used in hatching flatfish eggs, has been 
found the best apparatus for Spanish mackerel eggs. If the jars are 
kept clean and not overcrowded, a constant current of water does not 
seem to be essential ; of a lot of 60,000 eggs in a jar of quiet water, 90 
per cent hatched. The cod tidal-box is also adapted to this work. 

In ordinary bay water having a density of 1.014 to 1.019, the eggs 
are buoyant and remain at the surface until hatching ensues; but in 
water of low specific gravity they sink and give unsatisfactory results. 
The period of incubation is very short. Under normal conditions eggs 
hatch in 20 to 30 hours, averaging 25 hours, at a temperature of 77<^ 
or 78^. The fry are planted soon after hatching. 

HADDOCK, POLLOCK, AND OTHER GADIDA. 

The methods of culture employed with the cod are applicable to other 
members of the cod family having buoyant eggs. The United States 
Fish Commission have frequently taken and hatched eggs of the pollock 
{FoUachius virem) and the haddock {Melanogrammus ceglifinus). Both 
are important food- fishes, but much less valuable than the cod, and the 
collection of eggs has generally been only supplemental to cod work. 

The pollock is found from New Jersey northward. It goes in large 
schools, which are often found at the surface, thus differing from the 
cod and haddock. The average weight is 9 or 10 pounds, and the 
maximum about 30 pounds. Fishing is chiefly done from small vessels 
and boats, and is most important in Massachusetts. The value of the 
annual catch is about $65,000. The pollock is an excellent food-fish 
in both a fresh and a salted condition. 

The eggs of the pollock have at times been gathered in large num- 
bers in the vicinity of Gloucester; during some seasons about 40,000,000 
jeggs have been taken. The eggs measure about tjV inch in diameter. 
The pollock spawning season includes the months of October, Novem- 
ber, and December, Xbe fish from wMch eggs are obtained are taken 
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Teith nets and lines by commercial fishermen ; the average number of 
eggs to a fish is from 200,000 to 250,000. The period of incubation is 
somewhat shorter than that of the cod, being 9 days at 43^ and 6 days 
at 490. About 5 days are required for the absorption of the'yolk-sac. 

The haddock ranges from Delaware northward, and is, as a rule, very 
abundant on the "banks^ lying off the New England shore. In its. 
habits it is similar to the cod, frequenting the same grounds and being 
caught at the same time. Its average weight is about 4 pounds and 
the maximum under 20 pounds. The fishery is very extensive in Mas- 
sachusetts, most of the catch being landed fresh in Boston. The 
annual yield is about 50,000,000 pounds, worth $860,000. 

The artificial propagation of haddock has been conducted chie^y at 
Gloucester, where as many as 30,000^000 eggs have been collected in a 
single season. The eggs are about -^ inch in diameter, and are quite 
delicate and tender. The spawning time extends from January to 
Jnne. The average production of eggs per fish is about 100,000. 

The eggs are slightly glutinous and have a tendency to form into 
small lumps during hatching. At a mean temperature of 37° they 
hatch in 15 days, and at 41° in 13 days. The yolk-sac is* absorbed in 
10 days at a temperature of 41^. 

The tomcod or frostfish (Microgad/tis tomcod) has been extensively 
propagated by the New York Fish Commission. It is a small but 
excellent jfood-fish, found along the Atlantic coast from New York to 
the Bay of Fundy. It is most abundant in early winter, when it 
approaches the shores and ascends streams for the purpose of spawn- 
ing. It rarely exceeds 10 or 12 inches in length. 

THE GUNNER. 

The eggs of the cunner or chogset ( Ctenoldbrus adspersus) are of the 
same size and character as those of its near relation, the tautog, and 
are deposited during the same season. In water having a mean tem- 
perature of 560 F. they have been hatched in 5 days, in the tidal cod-jar. 
On account of the small size, great abundance, and comparatively 
little commercial value, the propagation of the cunner has not been 
regularly undertaken. 

THE SCUP. 

The scup {Stenotomus chri/sops) is a rather important small food-fish 
found along the Atlantic coast from Gape Ann to South Oaroliua; it is 
most abundant in southern New England. It spawns in June. The 
eggs are -^^ inch in diameter and hatch in 4 days at a mean tem- 
perature of 620 F. 

THE SEA BASS. 

The eggs of the sea bass (Oentropristes striattia) are of the same size 
as scup eggs, are deposited in June, and hatch in 5 days with the 
water temperature 69^ or 60^. The sea bass is an important food-fish, 

F. M. 15 
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fonnd from Massachusetts to Florida; it is taken in large quantities 
from "Sew Jersey northward with lines and traps. It attains a weight 
of 5 pounds^ but the average weight is only L or 1^ pounds. 

THE SQUETEAGUES. 

The squeteague or weakfish {Oynoscion regalis) is a prominent food- 
fish of the Atlantic and Gulf coasts, the northern limit of its range 
being in the vicinity of Gape God. It goes in immense schools and is 
taken in large quantities for market, in North Oarolina, Ohesapeake 
Bay, Delaware Bay, on the New Jersey and New York coasts, and in 
southern New £Dgland. It varies greatly in size; the average weight 
is under 5 pounds, but it has been known to attain a weight of 30 
pounds. In the vicinity of Woods Hole this fish spawns in June. Its 
eggs are -^ inch in diameter, and at an average temperature of 60^ F. 
hatch in 2 days. 

The spotted squeteague or ^<sea trout '^ {Cynoscion nebuhsum) hin^a 
also been propagated on a small scale. It is a valuable food-fish from 
Ghesapeake Bay southward, being taken in largest quantities in Vir- 
ginia, North Garolina, Florida, and the Gulf States. Its average weight 
is 2 pounds and its maximum 10 pounds. It spawns in bays and sounds 
in spring and summer, the time varying with the latitude. The eggs 
-are buoyant, ^ inch in diameter, and hatch in about 40 hours at a 
temperature of 77<^ F. This species has been artificially hatched on 
the southwest coast of Florida by the steamer Fish Rawk. 

THE SHEEPSHEAD. 

The sheepshead {Archosargus probatocephalus) is generally regarded 
as one of the best food fishes of American waters. Its deep body, of a 
grayish color, marked by 8 transverse black bauds, and its peculiarly 
shaped head, with mouth armed with prominent incisor teeth, make it 
readily recognized. It ranges from Gape God to Texas, but is most 
•abundant from Chesapeake Bay southward. It attains a weight of 
over 20 pounds, but the average weight on the Atlantic coast is not 
over 7 or 8 i)ounds, and in the Gulf of Mexico scarcely exceeds 3 pounds. 
In southern waters the fish is a permanent resident, biit in the northern 
part of its range it is found only during spring, summer, and autumn. 
The spawning season is from March to June, according to the locality. 

The artificial hatching of the sheepshead has been undertaken on 
several occasions, but is not regularly prosecuted. The most extensive 
work was conducted by the Fish Hawk in March and April, 1889, when 
23,400,000 eggs were taken in the vicinity of San Garlos Bay, on the 
southwest coast of Florida. These yielded 16,600,000 healthy fry, most 
of which were planted in local waters. 

In capturing spawning fish on the Florida coast it was found that 
the best time to use the seine was just before sundown, as the fiood tide 
was about to << make." The fish were then easily taken in large numbers. 
Seine hauls in the morning consisted only of male fish. Spawning 
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Bheepshead swim in schools, and seem to prefer sandy beaches, along 
which they resort at a depth of 6 or 8 feet. 

The sheepshead egg is very small, transparent, and of less specific 
gravity than sea water. The diameter is -^^ ^f ^^ inch, and the number 
in a fluid ounce is about 50,000, or 1,600,000 in a quart. 

The eggs are satisfactorily incubated in the tidal cod-jar, about 
300,000 eggs being placed in each jar. The development is very rapid, 
and in the warm water of the Gulf (76o or 77° F.) the eggs hatch in 40 
hours. The newly hatched fry are very small, but active and strong, 
and withstand considerable rough handling. They are planted when 
72 to 80 hours old. 

It is probably not practicable to carry on extensive sheepshead 
hatching north of Florida, although small quantities of eggs could 
doubtless be taken in North Carolina and Virginia. 

THE SEA HERRING. 

The sea herring (Clupea harengus) may be distinguished from other 
clupeoid flshes found in United States waters by the following char- 
acters : Body elongate and laterally compressed, the- depth contained 
4^ times in length; mouth at end of snout; lower jaw projecting, 
extending to beneath the middle of eye; roof of mouth with an ovate 
patch of small teeth; gillrakers long and slender, about 40 below 
the angle in adults, fewer in young; dorsal fin with 18 rays, inserted 
slightly behind middle of body; ventral fins beginning beneath middle 
of dorsal; anal fin with 17 rays; median line of belly with 28 weak 
spines or scutes in front of ventral fins and 13 behind fins; scales thin, 
easily detached, posterior edges rounded, 57 in lateral series; color 
bluish or bluish-green above, light-silvery below. 

The sea herring exists in great abundance on both shores of the 
Atlantic Ocean north of the latitude of about 37° north. On the coast 
of North America it is not regularly abundant south of Cape Cod, but 
it is occasionally found as far south as Chesapeake Bay. In number of 
individuals this species is probably exceeded by no other fish. On the 
Pacific Coast a similar and almost equally abundant species {Clupea 
paUasii) is foand from Alaska to Mexico. 

There are no well-defined movements of the herring on the west 
shore of the Atlantic, if those induced by the spawning instinct are 
excepted. There was formerly a distinct shoreward migration, during 
the winter months, in the Bay of Fundy, but this run has not occurred 
for a number of years. In many places the herring, especially the 
smaller individuals, appear to be resident in the shore waters. The 
maximum length of this fish is about 17 inches, and the uspal length of 
spawning fish on the United States coast is from 11 to 14 inches. 

The herring subsists on minute invertebrates, chief among which are 
copepods, larval worms, and larval moUusks. In turn it is consumed 
in enormous quantities by cod, haddock, sharks, and many other fishes* 
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With respect to the time of spawning, the herriDg may be divided 
into two groups, one spawning in the spring, in April, May, and June, 
and the other between July and December. The spring spawning 
occurs entirely east of Eastport, Maine, and the fall spawning pVinci- 
pally, but not entirely, west of tbat place. Probably the greatest spawn- 
ing grounds south of the Gulf of St. Lawrence are at Grand Manan, 
where the eggs are deposited principally in July, August, and Septem- 
ber. Thence the season becomes progressively later westward, on the 
coast of Maine occurring between September 1 and October 15; on the 
eastern coast of Massachusetts, between October 1 and November 1, 
and south of Cape Cod from October 15 to December 1. 

The female of average size deposits between 20,000 and 47,000 eggs 
at a spawning, usually not far from 30,000. The eggs are deposited 
upon the bottom, and, being covered with a glutinous material which 
soon hardens in contact with tlic water, they become firmly attached 
to extraneous materials, to which they often adhere in masses as large 
as a walnut. The egg measures about ^o- ^^<^^ ^^ diameter, and is 
usually polyhedral from mutual pressure exerted by tbe eggs in masses. 

The commercial value of the sea herring is almost incalculable. It 
is undoubtedly the most important of food-fishes, although in the United 
States it is surpassed in economic value by many marine and fresh- 
water species. Some time ago the annual yield of the world was esti- 
mated at 3,000,000,000 fish, weighing 1,500,000,000 pounds, the principal 
part of which was taken in Norway. In the New England States the 
annual catch is about 70,000,000 pounds, with a first value of $600,000. 

The herring has been artificially propagated both in this country and 
in Europe, but owing to its great abundance the work has been only 
experimental. In the United States there has as yet been no perma- 
nent diminution of the supply that renders the cultivation of the species 
necessary, notwithstanding an extremely large fishery and the sacrifice 
of enormous quantities of very small fish. The first successful attempt 
to propagate this fish was in 1878, in Germany, when elaborate experi- 
ments were made. In the same year the artificial hatching of the 
species was accomplished by the U. S. Fish Commission. The eggs, 
owing to their cohesion into masses, showed a tendency to molding, 
but this difficulty could doubtless be obviated by the use of starch, as 
with other cohesive egg^. 

Development takes i>lace in water ranging in temperature between 
330 and 550 F., the time of incubation varying from about forty days at 
the former temperature to eleven or twelve days at the latter. Sudden 
and extreme variation between the temperature limits mentioned had 
little or no effect except to retard or accelerate the hatching in accord- 
ance with the rule just mentioned. When water of a temperature lower 
than 330 F. was used many of the embryos were deformed. The degree 
of salinity of the water does not appear to exert much influence upon 
the hatching of the eggs. 
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THE AMERICAN LOBSTER. 



DESCRIPTION. 



The lobster (Homarus americanus) beloDgs to that group of the Crus- 
tacea called the Decapoda, because all of its members are provided with 
ten feet, more or less adapted for walkiug. To the Decapoda also belong 
the crabs and the shrimps, prawns, and crayfish. The crabs are less 
related to the lobster than the other forms mentioned, and may be 
readily distinguished from them by the relatively great breadth of the 
body and the small size of the abdomen or tail, which is doubled under 
the thorax to form the ^* apron." The lobsters, crayfish, shrimps, etc., 
are elongate forms with the tail or abdomen very large and extended 
more or less in the same horizontal plane with the anterior part of the 
body. The lobster and the crayfishes are somewhat closely related, but 
differ, among other characters, in the number and structure of the gills 
and in the relative size of the flat plate or scale which is attached at 
the base of the an ten n* or long feelers. The Pacific Coast crayfishes 
have 18 gills, those east of the Rocky Mountains have 17, while the 
lobster has 20. The appendage of the antenna is large in the cray- 
fishes, but very small in the lobster. Moreover, the crayfishes rarely 
exceed 5 or 6 inches in length, while the adult lobster is much larger, 
as been in the markets, seldom measuring less than 9 or 10 inches. 
The spiny lobster, the "lobster'' of the Pacific Coast, is readily distiu- 
gnislied from the crayfish and the common lobster by the total absence 
of great claws, by the greater length and stoutness of the antennae, and 
by the presence of large, broad-based, spinous processes on the back. 

The body of the lobster is divided into two distinct regions, the 
cephalothorax and abdomen. The former consists of the head and 
thorax fused into one united whole. That portion which would consti- 
tute the head, were it separate, bears the eyes, the two pairs of feelers, 
and the mouth, with the several pairs of modified limbs which surround 
that organ and assist in tearing up the food and passing it into the 
mouth. The thoracic portion of the cephalothorax is furnished with five 
pairs of stout limbs, the first pair bearing the great claws, which are 
rarely of the same size on the two sides, and the last four pairs being used 
in walking. From the fact that this portion of the body bears five pairs 
of appendages, it is assumed that it represents five fused segments. 

The abdomen is narrower than the cephalothorax and is composed 
of six separate segments movable on one another. In the female the 
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first five pairs of abdominal appendages, known as swimmerets, are all 
similar and consist of a short basal piece and two terminal pieces side 
by side. The appendages of the sixth segment consist of the same 
arrangement of parts, but the pieces are broad and paddle-like, and, 
with the terminal plate attached to the last segment, constitute a 
powerful caudal paddle or tail. In the 'male the abdomen is narrower 
than in the female, and the first two pairs of swimmerets differ much 
from those which follow. 

The color of the lobster is subject to great variation, but most fre- 
quently is dark bluish-green above, mottled with dark-green blotches; 
there is usually more or less red or vermilion on the appendages, 
especially on the tubercles, tips, and under side of the great claws 
and on the antennae ; the walking legs are light blue with reddish tips 
and tufts of hair. Occasionally specimens are found which are almost 
entirely red, and more frequently they are blue or bluish in general tone. 

DISTRIBUTION AND ABUNDANCE. 

The lobster is found from Labrador to Delaware, its range covering 
about 1,300 miles of coast line. Stragglers have been taken on the 
coasts of Virginia and North Carolina. While the bathic range is prac- 
tically limited by the lOO-fathom line, it is occasionally found long 
distances from laud on the tishiug-banks off the New England coast. 

The lobster is most abundant in the northern part of its habitat. 
On the United States coast it is most numerous in Maine. In the 
provinces of Nova Scotia, New Brunswick, and Quebec, and also in 
Newfoundland it is extremely abundant. 

MOVEMENTS. 

The movements of the lobster are chiefly on and off shore. Such 
coastwise movements as characterize the mackerel, bluefish, and men- 
haden are never undertaken by the lobster. This ftict makes possible 
the rapid depletion of fishing-grounds, and even the practical exter- 
mination of the lobster in given areas; it also affords basis for the 
belief in the efficacy of artificial means for maintaining and increasing 
the supply. 

There are well-marked movements of the lobster induced by various 
influences, among which are the abundance or scarcity of food, the 
water temperature, and the spawning instinct. On the United States 
coast there is in the spring months a shoreward movement of large 
bodies of lobsters; -on the approach of winter the lobsters move out 
into deep water. 

FOOD. 

The principal food of the lobster is fish, either dead or alive. Such 
bottom species as the sculpin, flounder, and sea-robin can doubtless be 
readily caught by the lobster, and they also consume a large number 
of invertebrates, among them being crabs and other crustaceans, clams, 
conchs, and other mollusks, starfish, sea-urchins, etc. Lobster eggs 
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have been found in a lobster's stomach, and algae sometimes serve as 
food. Fish is the bait most extensively employed in the lobster fishery. 

BBPBODUOTION. 

The reproductive function of the lobster is not generally understood, 
and until a comparatively recent date a number of important questions 
in relation thereto were undecided. From the standpoints of the com- 
mercial fishermen, fish-culturist, and legislator, it is necessary that the 
principal phases of this subject be clearly appreciated, in order that 
the supply may be maintained. 

The principal spawning season for lobsters on the United States coast 
is summer, especially July and August, when probably three-fourths of 
the lobsters deposit their eggs. The remaining egg-producing lobsters 
lay during the fall and winter. A given lobster does not spawn oftener 
than every second year, as has been shown by recent studies conducted 
by the Commission. 

The eggs are fertilized outside the body of the female. The sper- 
matic fluid is deposited in a receptacle at the base of the third pair of 
walking legs, and retains its vitality for a long time. When the eggs 
are being extruded, the female lobster lies on her back and folds the 
tail so as to form a kind of chamber to retain the eggs. After their 
discharge from the body, the eggs become coated with a cement substance 
secreted by glands in the swimmerets; this substance hardens after 
being in contact with the water and firmly unites the eggs to the hair- 
like filaments on the swimmerets. The exact method, by which the 
fertilizing principle is conveyed to the eggs from the pouch in which it 
is contained is not known. 

The incubative period is much prolonged. After the eggs are 
extruded and become attached externally, they are carried 10 or 11 
months before hatching ensues ^ during this time they are carefully 
protected, and are perfectly aerated by the active motion of the swim- 
merets. On the United States coast most of the lobsters emerge from 
the egg in June, although some of the hatching is completed in May 
and some in July or even later. A few eggs are now known to hatch 
in winter. All of the embryos do not come from the eggs at the same 
time, the hatching occupying a week or more. The young receive no 
attention from the adults, but lead an independent existence immedi- 
ately after escaping from the egg. 

The lobster egg is about -^ inch in diameter. When newly laid it is 
usually of a dark-green color, but is sometimes light-grayish or yellow- 
ish-green. 

The known maximum number of eggs produced at one time by a 
lobster is 97,440; the average from lobsters taken for market is 10,000 
to 12,000. The number depends largely on the size of the lobster, 
apparently in conformity to the following rule: The numbers of eggs 
laid by given lobsters vary in a geometric scale, while the lengths of 
the lobsters vary in an arithmetic scale. 
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The following table illustrates, with approximate accuracy, the egg- 
producing capacities of lobsters of the lengths indicated under normal 
conditions: 



Length on.b«.r. ^-f.id': 



8 inches 5,000 | 

10 inches 10,000 

1 

12iiiches 20,000 ' 

' 14iiicho« 40,000 

I lOinchos 80,000 



MOLTINCf AND GROWTH. 

The act of shedding the shell, or molting, is important and critical. 
It is only after shedding that growth takes place; during the early 
stages of the lobster's existence this function is often exercised in a 
comparatively short time, while later it occurs only at long intervals. 
Molting in the lobster consists in throwing off the entire external skele- 
ton, together with the lining of the digestive tract. 

The first molt takes place about the time the young emerges from 
the eggy when it is about a third of an inch long, and many lobsters 
do not survive this. During this first stage the larval lobster swims 
at or near the surface. A second molt ensues in from 1 to 5 days, and 
the lobster enters on its second stage, its average length being about 
two-fifths of an inch and its habits similar to the first stage. In 2 to 
5 days another molt takes place, and the length of the larva increases 
to about half an inch. This is followed in 2 to 8 days by another molt, 
and the lobster enters on the fourth stage, when its length becomes 
slightly greater. From 10 to 20 days later the fifth molt ushers in the 
fifth stage, after which the surface-swimming habit is discarded and the 
larva goes to the bottom and begins to assume the characteristics of the 
adult. This stage lasts 11 to 18 days, and in it the young lobster has 
attained a length of about three-fifths of an inch. From this time on the 
molts are at longer and longer intervals until the fully mature condition 
is reached, wlien shedding takes place only once in one or two years. 

The food of lobsters during the larval stages consists chiefly of small 
crustaceans. A very pugnacious instinct then characterizes them, and 
active cannibalism prevents their artificial rearing for lack of abundant 
natural food. 

Larval lobsters are very susceptible to the influence of the sun (helio- 
tropic) while in the first three stages, being attracted by bright rays 
to the surface of the ocean or to the side of a vessel. This peculiarity 
is lost during the fourth stage. 

During the first year the young lobster, which since the fourth stage 
has become more and more like the adult in form and habits with each 
molt, attains a length of about 2 or 3 inches. At the end of the second 
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year the length is 5 to 7 inches. By the end of 4J or 6 years a length 
of about 10 inches is reached. The rate of growth, however, depends 
greatly on the environment, the abundance of food being a very impor- 
tant factor. 

The adult lobster usually molts in summer, and in the case of the 
female, shortly after the hatching of the eggs. As several months are 
required for the new shell to acquire the hardness of the old ; as newly- 
laid eggs are rarely found on a soft-shell lobster; as molting does not 
ensue while the eggs are on the swimmerets; and, furthermore, as 
dissection has shown that the ovaries of a lobster whose eggs have 
recently hatched are in an immature condition and will not yield eggs 
until the succeeding year, it follows that the mature lobster deposits 
eggs not oftener than once in two years, with an alternating molt. 

SIZE AND WEIGHT. 

The average size of lobsters caught for market is now much less than 
it was in the earlier days of the fishery, and their a^ierage weight is 
probably not over 2 pounds. A lobster 9 inches long weighs, on an 
average, 1^ pounds; a lOJ-inch lobster. If pounds; a 12-inch lobster, 3 
pounds; and a 15-inch lobster, 4 to 5 pounds; while a lobster 20 inches 
long weighs 20 pounds or more. Lobsters weighing as much as 15 or 
20 pounds are uncommon, and those weighing over 20 pounds are very 
rare. Up to a recent date, the largest lobster of authenticated weight 
wat about 25 pounds. In 1897, however, 3 lobsters, each weighing over 
30 pounds, were taken off Sandy Hook, N. J.,the weight of the largest 
being 33 pounds. 

The male lobster weighs more than the female of the same length, 
the difference in 11-iuch lobsters, for instance, being about a quarter 
of a pound. 

The size at which the lobster attains sexual maturity is a very 
imi)ortant question. In the New England and Middle States and the 
Canadian Provinces the laws relating to the minimum size of market- 
able lobsters are quite various and illustrate the absence of definite 
information on this subject. In Maine, Massachusetts, New Hamp- 
shire, and New York the minimum limit of size of lobsters that maybe 
sold is now 10 J inches; in Ehode Island it is 10 inciies, and in Con- 
necticut it is 9 inches. In the British Provinces the limit is much 
lower than in Maine. 

Investigations conducted by the Fish Commission on the New England 
coast show that the female lobster attains maturity when from 8 to 12 
inches long. Comparatively few lobsters under 9 inches in length 
Jay eggs. Of over 1,000 egg-bearing lobsters collected at Woods Hole 
during a period of years, less than 2 per cent were under 9 inches long. 
On the other hand, by the time they have reached the length of lOJ 
inches most lobsters will have produced eggs, and this should be the 
minimum size permitted in the markets. 
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COMMERCIAL VALUE. 

The lobster is tbe most importaDt crastacean of the United States. 
It is tbe object of a special fishery, carried on with pots or traps, in all 
the coastal States from Delaware northward, and also in 2^oya Scotia, 
New Brunswick, Prince Edward Island, Quebec, and Newfoundland. 
In Maine, where the fishery is more important than in any other State, 
the lobster is the principal fishery product. Over 4,500 persons are 
engaged in this fishery in the United States; the capital invested is 
about 9875,000, and the catch in 1806 amounted to 15,121,000 pounds, 
valued at $1,319,000. In 1880 the yield was larger (20,240,000 i)ound8), 
but the market value was much less, being only (488,000. 

Between 1889 and 1899 the New England lobster catch decreased over 
15,000,000 pounds, or 50 per cent, while the value increased more than 
$400,000, or 50 per cent. For a number of years this fishery presented 
the anomaly of a diminishing supply and an augmented catch, owing 
to the more acti9re prosecution of the business; but the decline in the 
yield has for some time been unchecked, notwithstanding the employ- 
ment of more apparatus and the prolongation of the fishing season. 
With a singular disregard for their own welfare, many fishermen have 
continually violated the State laws for tbe protf^tion of small, imma- 
ture lobsters and females bearing eggs. Only the rigid enforcement of 
restrictive measures by tbe States and the extensive artificial propaga- 
tion of tbe lobster can ward off the destruction which threatens this 
valuable fishery. 

INCEPTION AND PROGRESS OF LOBSTER-OULTURB. 

If egg-bearing lobsters were not liable to destruction by man, arti- 
ficial propagation would hardly be necessary. Notwithstanding the 
enactment of stringent laws prohibiting the sale of ^^ berried ^ lobsters, 
the frequent sacrifice of such lobsters, with their eggs, and of many 
immature lobsters, has seriously reduced tbe lobster output and rendered 
active and stringent measures imperative. By tbe present methods 
millions of lobster eggs are annually taken and hatched that would be 
lost, and the females producing tbem, amounting to several thousands, 
are liberated. 

Prior to 1885 experiments had been conducted at various points look- 
ing to the artificial propagation of the lobster. The only practical 
attempts of this nature previous to those made by the Fish Commission 
were by means of ^^ parking," that is, holding in large naturally inclosed 
basins lobsters that had been injured, soft-sh)Blled ones, and those below 
marketable size. Occasionally female lobsters with spawn were placed 
in tbe same inclosures. One of these parks was established in Massa- 
chusetts in 1872, but was afterward abandoned ; another was established 
on, tbe coast of Maine about 1875. It was soon demonstrated, however, 
that tbe results from inclosures of this character, so far as tbe rearing 
of the lobsters from the young were concerned, would not be sufficient 
materially affect tbe general supply. ' 



HATCHERV. AQUARIUM. AND MUSEUM, U. S. FISH COMMISSION. WOODS H 



RESIDENCE, U. S, FISH COMMISSION. WOODS HOLE. MASS. 



» I 



MANUAL OF FISH-CULTURE. 235 

The completion of the new marine laboratory and hatchery at Woods 
Hole in 1885; with its complete system of salt-water circalation, per- 
mitted the commencement of experiments in artificial hatching on a 
large scale, which had not been practicable theretofore, although small 
quantities of lobster eggs, as well as those of other crastaceans, had 
been successfully hatched. In 1886 the experiments had progressed so 
successfully that several million eggs were collected and hatched at 
Woods Hole, the fry being deposited in Vineyard Sound and adjacent 
waters. From 1887 to 1890, inclusive, the number of eggs collected 
was 17,821,000. 

From the eggs collected up to 1889 the average production of fry was 
about 64 per cent. During these years experiments were conducted as 
to the best method of hatching the eggs. The various forms of appa- 
ratus used were the Chester jar, the McDonald tidal box, and the 
McDonald automatic hatching-jar. In 1889 the results secured in the 
latter form of apparatus were so much better than with the others that 
it was adopted, and in 1890, from the 4,353,000 eggs collected, over 81 
per cent yielded fry. Work was continued at Woods Hole on about 
the same scale until 1894, when the collections aggregated 97,000,000 
eggs. In the same year lobster propagation was undertaken at GJouces- 
ter and a collection of 10,000,000 eggs was made there. 

During the fiscal year 189 > the number of eggs taken by the Fish 
Commission was 105,188,000, the resulting fry liberated numbering 
97,679,000, or about 93 per cent; and in 1897 the collections amounted 
to 133,662,000 eggs, of which 115,606,000, or 90 per cent, were hatched. 

COLLECTION OP EGG-BEARING LOBSTERS. 

Although the new eggs appear on the lobsters during the months of 
July and August, no special effort is made to secure egg-bearing 
lobsters until the following spring. The collections usually commence 
in April and continue until the middle of July. At Woods Hole it 
has been the recent practice to receive at the station and place in the 
hatching-jars during the fall and winter any lobsters having external 
eggs that may be captured by local fishermen. The collecting-grounds 
extend from New London, Connecticut, to the eastern end of Maine. 
For Woods Hole station eggs are secured from fishermen operating 
between New London, Connecticut, and Plymouth, Massachusetts. 

The most important grounds in Connecticut are in the vicinity of New 
London and Noank ; in Massachusetts, New Bedford, South Dartmouth, 
Plymouth, Woods Hole, and numerous localities in Buzzards Bay and 
Vineyard Sound. Eggs for the Gloucester station are secured from the 
fishermen operating between Boston and Rockland, which territory 
comprises the most important lobster fishery in the United States. The 
schooner Grampus is used in making the collections between Portland 
and Eockland, the lobsters being delivered at Gloucester early in the 
season and later on to the steamer Fish Hawk^ which is stationed at a 
suitable point in Casco Bay. 
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As the laws of Massachasetts, New Hampshire, and Maine prohibit 
the holding of the ^^ berried" iDbsters by the fishermen, mrangeinents 
are made with the State authorities by which certain officials of the Fish 
Commission are appointed deputy wardens and authorized to hold egg- 
bearing lobsters for fish-cultural purposes in live-boxes. Early in the 
spring all of the lobster fishermen in the territory referred to above are 
visited by agents of the Commission, who arrange with them to hold 
all of their egg lobsters in live-cars until called for, at a price agreed on. 

Collections are made from Woods Hole and Gloucester by steam 
launches and sailing vessels. The steam launches visit the near points 
three to four times a week to obtain egg -bearing lobsters. The vessels 
collect at more distant points in Connecticut and Maine. Local agents 
at Boston and Plymouth, Massachusetts, and Kittery Point, Maine, 
also collect egg-bearing lobsters, which are held in live-boxes until the 
agent has a sufficient number to make a trip. On the arrival of the 
vessel or launch at the station the lobsters are transferred to tanks 
supplied with running water and held until the spawn-taker is ready to 
strip the eggs. 

TAKING AND MEASURING THE EGGS. 

The receptacle into which the spawn-taker strips the eggs from a 
lobster is either a glass jar (9 inches in diameter) or a water-bucket, 
which, after thorough cleaning, is partly filled with water. 

The operator, with his left hand, grasps the lobster from above and 
turns it on its back, lowering it into the spawning vessel head down- 
ward. By pressing it firmly against the sides of the jar it is prevented 
from using the anterior part of its body or its mandibles. The hand is 
then slipped farther back toward the tail and the segmented portion of 
the body is held firmly to prevent its closing. The lobster is then ready 
for stripping. A rather dull, short-bladed knife is used to separate 
the eggs from the swimmerets, to which they are attached by hair-like 
fibers; stripping begins at the last pair of swiramerets and gradually 
proceeds toward the body. As the eggs are scraped off* they fall into 
the water in the jar. Some which adhere to the claws of the lobster 
are washed oft* by means of a small stream of water. The lobster is 
then put back into a tank, where it remains until liberated. 

Lobsters received by the local agents at Boston and Kittery Point 
are held until a suitable quantity is on hand and are then stripped, the 
eggs being taken to the station in transportation cans and the adults 
released. Early in the spring the eggs stand transportation well, but 
late in the season, as incubation becomes more advanced, they are very 
delicate and are quickly affe<*/ted by rough handling or sudden changes 
in temperature. 

Before being transferred to the hatching-vessels the eggs are accu- 
rately measured, generally with a glass graduate, into which they are 
poured, the water being drawn off". The basis of measure is an ounce, 
which contains about 6,090 eggs. 
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HATCHING APPARATUS AND OPERATIONS. 

Experiments conducted daring a series of years having demonstrated 
that the automatic hatching-jar was the best form of apparatus for 
hatching lobster eggs, it has been adopted at the stations of the Com- 
mission since 1889. A full description of this jar is given in the article 
on sbad-culture, pp. 150-152. The manipulation and operation of the jar 
is practically the same as with shad eggs, except that frequently, where 
the water supply is inadequate, three jars are connected by means of 
rubber tubing and the water used over and over. This is accomplished 
by connecting the overflow from the first jar with the supply to the 
second and so on, but can only be done during the early stages before 
the fry commence to hatch. When first placed in the jar the eggs are 
matted together by the fine hair-like fibers, but after a few days they 
separate and work very much like shad eggs. 

From 400,000 to 500,000 eggs (equivalent to about 2 to 2^ quarts) are 
usually placed in each jar, although at times when the hatchery is 
crowded a few more msky be successfully cared for. 

The fry pass voluntarily from these jars to cylindrical glass jars, 9 
inches in diameter and either 9 or 18 inches high, placed in the center 
of the table and covered with cheese-cloth at the top to prevent their 
escape. 

The period of incubation depends entirely upon the age of the egg 
when collected. For example, eggs taken in October do not hatch until 
the following May, whereas eggs collected in June frequently hatch 
in 24 hours after being placed in the jars. During one season eggs 
collected from December 12 to January 25, numbering 1,717,000, at a 
temperature of 45°, commenced hatching May 25 at a temperature of 
540. To determine how soon the new-laid eggs can be taken from the 
parent and hatched artificially, collections were begun early in July 
and continued until fall, for several seasons, the eggs being placed in 
hatching-jars at the Woods Hole Station ; all those collected prior to 
October 15 died. In November, 1895, 15,000,000 were placed in jara 
and carried through the winter under very unfavorable conditions, but 
hatched with a loss of only 50 per cent. The density of the water at 
Woods Hole varies from 1.023 to 1.025, its average temperature being 
from 49^ to 640 during the months of April, May, and June. 

THE LOBSTEB FRY. 

Owing to the cannibalistic habits of young lobsters when closely 
crowded, it has been the policy of the Commission to liberate the fry 
as soon after hatching as possible. They are taken out in ordinary 
lOgallon transportation cans, about 200,000 being placed in a can for 
short shipments and 125,000 for long shix)ments, and liberated in the 
vicinity of the grounds from which the adult lobsters were taken. 
When this is impracticable, they are liberated in Vineyard Sound and 
Buzzards Bay with an outgoing tide, so as to insure their wide distri- 
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button. The qaestion of the traDsportation of lobster fry any great 
distance is still an ansettled one, as in but few instances has it been 
attempted to ship them by rail, and then the trips were comparatively 
short — namely, from Woods Hole to Cold Spring Harbor, New York; 
from Woods Hole to Provincetown and Plymouth, and from Gloucester 
to Kittery Point. The shipments from Woods Hole have all been very 
successful, and there seems little doubt that the young lobster will 
stand transportation for 24 hours with excellent re<iuits. 
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THE GERMAN CARP IN THE UNITED STATES, 



By Leon J. Cole. 



INTRODUCTION. 



For a number of 3'ears there appears to have been in many sections 
of this country an increasing popular prejudice against the German 
carp. These fish were distributed very generally throughout the 
United States something over twenty years ago, with the idea that 
they would be extensively raised- in ponds and so provide a supple- 
mentary income from small inland waters which were unsuitable for 
other fishes, or from land upon which artificial ponds could be con- 
structed. It was inevitable that many of the fish should escape into 
the natural waters of the country; and within a few years many of 
our rivers and lakes were teeming with carp, for which, at that time, 
there was little or no market. With persons who had been able to 
obtain in abundance many species of our finer native fishes, the coarser 
flesh of the carp found little favor, and, under the circumstances, it 
was perhaps but natural that prejudice should arise, especially because 
the carp was supposed to be injuring the existing fisheries. In some 
cases the adverse opinions were founded upon facts and a knowledge 
of the habits of the fish; more often they were the repeated hearsay 
born of suppositions and complete ignorance of the subject or of 
misinterpreted observations. The newspapers also took the matter 
up, and the carp was decried on all sides without stint. 

In the summer of 1901, in order to obtain evidence upon the matter, 
the writer was appointed by the United States Bureau of Fisheries 
(then the United States Commission of Fish and Fisheries) to make 
an investigation of the habits of the carp and to gather any available 
information relative to its usefulness or obnoxiousness. The work 
was done in connection with the general biological investigation of 
the Great Lakes under the general direction of Prof. Jacob Reighard, 
of the University of Michigan. Professor Reighard was not in active 
charge of the work, however, in 1901, Prof. H. S. Jennings, then also 
at the University of Michigan, acting as director during that season. 
I take pleasure in thanking both Professor Reighard and Professor 
Jennings for their interest in the investigation and for their readi- 
ness at all times to do everything in their power to further the work. 

525 
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Probably the two regions in the United States where carp are 
found most abundantly are about the western end of Lake Erie and in 
the Illinois River and its tributaries. This investigation was begun, 
however, at Lake St. Clair, this localit}^ being chosen because of such 
complaints as the following, which appeared in a Port Huron paper: 

FIHII IX LAKE ST. CLAIR — THE CARP ARE RAPIDLY DESTROYING ALL THE OTHER KINDS. 

Ci B , an old fisherman, who has plied his trade on Lake St. Clair 

three miles above Mount Clemens for twenty-three yearp, says in three years more 
there will be no fish except carp left in the lake. The carp eats the spawn and 
destroys the perch, bass and other good fish in those waters, and the supply Ls 

already much reduced. Mr. B suggc^tiJ that the government offer a bounty 

of 3 cents or so for the destruction of the carp in order to save the other fish. 

This particular paragraph is quoted because it gave the starting 
point for the field work, and because it illustrates so well the general 
tone of complaint against the carp. The shallow bays of the delta 
occupying the upper fourth of Lake St. Clair afford an excellent place 
for carp — except that possibly the water averages a little cold for their 
most prolific development — and they are to be found there in consid- 
eral)le numbers. Furthermore, the usual comparative clearness of the 
water makes it easier at times to observe the fish than in the muddier 
waters in which they are usualh' found. When the carp are rooting 
about in the bottom for food, however, even clear water is made so 
roilv that there is little chance to watch them. 

After about three weeks at the St. Clair Flats, the remainder of the 
summer, until August 31, was spent on Lake Erie, espi^cially at the 
upper end. During the last week in August all of the important 
wholesale fish houses on the west and south sides of Lake Erie, from 
Detroit to Bufi'alo, were visited to ol>tain figures as to the magnitude 
and value of the carp fishenes of the lake. In November, 1901, about 
three weeks were spent on Lake Erie, principally at Port Clinton and 
Put-in Bay, in order to determine the relation of carp to the white- 
fish, which were in the height of their spawning season at this time. 

In 1902 it w^as not practicable to begin the field work until after the 
1st of July. As before. Lake St. Clair was first visited, but the con- 
ditions there ]>eing unfavorable on account of heavy storms, which 
made the water roily, investigations were renewed on I^ake Erie, 
especially at Port Clinton and at Sandusky. During the last season 
of the investigations, in the summer of 1903, with headquarters in 
Sandusky, the work was conducted for about three weeks, during the 
spawning season of the carp, most of the time from a camp in the 
marsh, some 20 miles above the city, near where the Sandusk}" River 
opens into the large bay of the same name. 

Jn addition to the observation of the general habits of the carp in 
waters where it has become adapted to a new environment in such a 
short time, several special problems were kept in mind. Thus a study 
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wa« made of the abundance and distribution of carp in relation to the 
conditions existing at various places, and measurements and records 
were taken to determine if possible whether the fish had changed 
perceptibly in accommodating itself to these conditions. 

Most of the time, howev-er, was given to the more strictly economic 
side of the question, and hence, either on account of their uncom- 
pleted state or because of their technical nature, the results of certain 
lines of the study have been omitted from the present report. One 
of the more^trictly economic questions was the relation of the fish to 
aquatic vegetation, the destruction of which was being deplored, par- 
ticularly by sportsmen, who maintained that the best food of man}- of 
the ducks, such as the canvasback and redhead, was fast being destroyed 
by the carp. It was also to be determined how far, if at all, carp 
interfere with the spawning of other fishes, and whether they eat the 
eggs and prey upon the j'oung of other fishes, and if so, to what 
extent. It was claimed that they were especially detrimental to bass 
and white-fish — the former one of the greatest favorites of the sports- 
man, the latter one of the most valuable food-fishes of the Great 
Lukes. 

Offsetting the possible harm done by the carp to vegetation and to 
the fisheries must be its own value as a food-fish; for the carp fishery 
has within the last few years, in the regions of the carp's greatest 
abundance, grown to be an industry of no mean proportions. Must 
the carp, then, be unconditionally condemned, or should we find that, 
if properly utilized, its value would compensate for the degree of dam- 
age it undoubtedly does? It is hoped that the conclusions reached in 
the following pages ma}' do much toward settling this question, though 
there are still many points upon which fuller information is desirable. 

In order to make the report more useful to tho.sc who are interested 
in the carp, it has been thought best to include a general description of 
the fish, its habits, and its liistor3\ The figures of the different vari- 
eties of carp here reproduced (pi. i) are from drawings made for the 
Bureau of Fisheries from fish in its ponds in Washington soon after 
the introduction of the species into this countr\\ The photographs 
and other figures are by the author. 

It is impractica})le to mention here all to whom I am indebted for 
assistance of one kind or another in the prosecution of my investiga- 
tions. I am under especial obligations, however, to Messrs. Cleaver, 
of the firm of K. Bell & Co., Port Clinton, who not only furnished me 
a place in which to work in their fish house, but placed at my dis- 
posal, without cost, whatever carp were necessary for my work. The 
Bense Fish Company (which has since changed hands), of the same 
cit}', extended to me similar privileges. It was fre(|uenth' necessar}' 
for me to call upon Mr. S. W. Downing, superintendent of the Bureau 
of Fisheries hatchery at Put-in Bay, for aid, which was furnished with 
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uniform courtesy. Through the kindness of Prof. Herbert Osborn 
1 was enabled, when in Sandusky, to make my headquarters at the Lake 
Laboratory of Ohio State University, where 1 had the use of a table 
for considerable periods during the summers of 1901 and 1902. And, 
jfinally, I wish to express my gratitude to the many fishermen who 
took great interest in my work, who gave me whatever information 
was at their disposal, who permitted me to accompany them on their 
fishing trips, who shared with me their food, and who were my com- 
panions in camp for weeks at a time. Other special acknowledg- 
ments have been made in their proper places throughout the report. 

THE SPECIES CYPRINUS CARPIO LINN^US. 

DESCUIPTION. 

Within the past decade the carp has become so genei*ally distributed 
throughout the United States and so abundant in some places that 
nearly everybod}' is more or less familiar with it in a general way, but 
it has been almost universally neglected in the descriptive works in 
this country, further than a simple statement of its occurrence. It 
may therefore be well to give a brief description of the carp and its 
principal varieties. 

The carp belongs to a family of fishes (Cyprinidte) best represented 
in America by the minnows (especially of the genus Notropts) which 
abound in most of our lakes and streams. In the eastern United States 
the members of this family are all small, the largest rarely attaining 
18 inches in length, while the smallest is scarcely 2 inches long 
when adult. The Old World species are generally much larger than 
this, and on the Pacific coast there are a few which reach a length of 
5 or 6 feet, and which are also apparently more closely related to the 
European forms in structure. 

Scientifically the carp is known as Cyprlmia carplo^ the name given 
to it by Linnrous. It varies greatly in many of its characters, a con- 
dition probably brought about in large part by its state of domestica- 
tion, or semidomesticatioR, for a number of centuries. In shape it 
varies from a long, rather slender fish (pi. i), whose height scarcely 
equals one-fourth its length, to a deep form nearly or quite half as 
high as long. The greatest height is at the anterior end of the dorsal 
fin. In all cases, however, the body is rather strongly compressed 
laterally, the cross section never approaching close to circular. The 
greatest breadth is normally a short distance back of the head, but the 
l3odies of female fish are often, before the breeding season, distended 
with roe to a considerably greater breadth. This dimension in nor- 
mal individuals usuall}^ equals less than half the height. The snout is 
blunt, and in t3'pical forms the dorsal outline rises from the snout in 
a nearly uniform bow or arch to the base of the dorsal fin. 
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The length of the head, from the tip of the snout to the posterior 
edge of the gill-cover or operculum, is in the neighborhood of one- 
fourth the length of the fish^, but is usually considerably less than the 
height. It varies considerably in individuals and with age. The eye 
is situated slightly less than halfway back on the head and on a line 
from the tip of the snout to the upper end of the branchial opening. 
The eyes are not quite circular, but are elongated slightly in a direc- 
tion parallel to the dorsal side of the head, and their long diameter is 
contained six to seven times in the length of the head. The mouth 
when closed is nearly horizontal, the gape reaching about half wa^^ to 
the anterior margin of the eye. At the corners of the mouth are two 
short barbels, usually a little longer than the diameter of the ej^e, 
yellow or reddish in color, which are, how ever, longer than two olive 
colored ones on the upper jaw. Both sets are variable, and, according 
to Seele}' (1886, p. 95), may be unsymraetrical on the two sides or 
frequentl}'' wanting entirel3\* The lips are rather thick and fleshy, 
adapted to vegetable feeding, the lower somew^hat shorter than the 
upper. The tongue is smooth. The palate is covered with a white 
and very sensitive skin ('* carp's tongue"). The nostrils lie imme- 
diately anterior to the e\'^es and are double, those of each side being 
separated by a small projecting flap of skin. The anterior nostril is the 
larger. 

The dorsal fin arises anterior to the median point in the length of 
the fish and slightly in advance of the ventrals, and extends back even 
with the posterior end of the anal fin. The base of the dorsal fin equals 
rather more than a third of the length of the body, and its greatest 
height (at the second and third soft rays) is equal to about a third of its 
length. After the first two or three soft rays, of which there are 18 
to 22 in all, the remainder are only one-half to two-thirds as high, so 
that the free margin of the fin has a rather sharp reentrant angle at 
this point. Three or four (usually three) spiny rays precede the soft 
rays, the most posterior one being the stoutest and longest, with the 
extreme end usually soft and flexible; this soft portion is often broken 
away in older fish, however, leaving the ray with a hard, sharp point. 
The posterior border of this ray is serrated, the serrations or teeth, 
which have their points directed downward, lying on each side of a 
median groove and increa.sing in size from below upwaixi. 

The height of the anal fin is greater than its length at the base, which 
is about equal to one-fourth the length of the base of the doi'sal. It is 
composed of 3 spiny rays and 6 or 6 soft, articulated rays. The second 
stout, spiny ray is similar to that of the dorsal fin. The first of the 

aThroiighout the description "length" la considered from the tip of the snout to the base of the 
caudal fin, or, more strictly speaking, to the posterior edge of the hypural bones, which is found In 
practical measuring by cutting the flesh away a little and probing with a steel point. For general 
purposes this measurement can be Uiken to the last scHle in the lateral line. 

*I, myscli, have noted no cases in which they were absent. 

F. C. 1904—34 
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soft ra^'s is the longest, and the succeeding ones decrease graduall}' in 
size to the last, which is about one-half the length of the first. ' 

The rentral or pelvic fins are made up of 2 spiny rays each, a long* 
and a short one, and 8 or 9 soft rays. The height is much greater 
than the length at the base, but when folded back the fins do not reach 
as far as the l)eginning of the anal tin. The pectoral fins have each 1 
stiff ray and 15 or 16 jointed ones, are rather elongated with ^rounded 
extremity, and reach back almost to the base of the ventrals. 

The caudal fin is large, broad, and equally lobed, with the ends of 
the lobes rounded. The posterior notch is rounded, not very acute, 
and extends in half the length of the fin or less. It is made up of 18 or 
19, or occasionally only 17, jointed rays, not counting the short incom- 
plete rays (usually 4 to 6) outside the first long one on each side. The 
longest rays of the caudal fin are usuall}'^ shorter than the head, and 
never exceed it in length. 

The l>ody of the typical scale carp is uniformly covered with large 
thick scales which approach a polygonal, four or five sided outline. 
In the lateral line, which extends nearly straight from the upper 
angle of the opercle to the middle of the base of the tail, or may be 
bowed slightl}^ downward, there are 35 to 89 scales. Above the lateral 
line are 5 or 6 rows, and below a similar number. The scales are 
largest on the anterior part of the sides, where their diameter equals 
about one and one-half times that of the eye. Usually less than one- 
fourth of the scale is exposed; this portion is thicker and has a radial, 
fanlike ornamentation. The portion of the scale which is concealed 
by those in front of it is marked by fine concentric lines, which in 
turn form bands of varying width and regularity, and which are cor- 
related with the growth of the scale. The middle of each scale of the 
lateral line is traversed by a small oblique or slightly curved tube, in 
which the sense organs of the lateind line are situated, and the cephalic 
canals of the lateral line system are noticeable on the suborbital ring. 

In coloration the carp is fully as variable as in its other characters. 
In general the sides are yellowish, golden, or greenish, shading into a 
darker color on the back, which may be dark olive, or bluish-green, 
or almost black with a greenish cast. The yellow of the sides often 
becomes richer, approaching to orange on the ventral side between the 
anal and caudal fins. The yellow of the sides shades into whitish on 
the belly. The posterior edge of each scale has a dark border, and 
there is usually a dark blotch on the anterior part of the exposed por- 
tion, the two together forming a reticulated, or netlike pattern over 
the fish, with a dark spot at the anterior angle of each mesh of the 
net (fig. 1, pi. i). The lips are j^ellow or orange; the rest of the head is 
dark olive, except the cheeks, which are yellowish, while the under 
side of the head is light yellow or whitish. The iris is yellow. 

The dorsal fin is olive or dark gray, each interray space being 
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darker in its posterior half; the rays themselves are of about the same 
color. The anal is yellowish-red, while the pectoral and pelvic fins 
are grayish or yellowish, tending to red toward their tips. The upper 
lobe of the caudal fin is of about the same color as the dorsal; the 
lower lobe has a lighter, yellowish cast, with more or less red, especially 
toward the end. 

The coloration is influenced by the age of the fish, the character of 
the water in which it lives, itsw nutrition, the season of the year, its 
sexual condition, and by the other conditions of its environment. 
Seeley (1886, p. 97) states that unsymmetrical coloring is sometimes 
found and that a fish may have glittering golden stripes on one side of 
the body and pale steel blue on the other. Sometimes tj^pical carp are 
black, bluish, green, red, golden, silvery, or even white, and Doctor 
Fatio records that he has kept in confinement carp which were origi- 
nally green or golden, but which became colorless in an opaque vase. 
It is not an unusual thing to see in carp that have died out of water 
a reddish suffusion, especially marked in the fins, probably due to the 
congestion of blood in the capillaries as the circulation is stopped. 

In common with the other members of the family, the month of the 
carp is without teeth, the only organs of this description being the 
blunt^ knob-like stiuctures lying on the pharyngeal bones in the back 
part of the mouth, or "throat." These are entirely for grinding 
food, and, as is obvious both from their position and shape, are of no 
use in grasping, this function being performed by the so called lips. 
The alimentary ti*act is comparatively long, but uncomplicated; the 
stomach is a simple tube not sharply differentiated from the esophagus 
and without a blind sac, while the intestine has no pyloric appendages. 
The entire alimentary tract from the beginning of the stomach^ is 
usually two to two and one-half times as long as the body. The air 
bladder is large, with tough, thick- walls. A transverse constriction 
divides it into two parts; the posterior of these is the smaller and 
ends in a rounded point, while the anterior portion is larger and has 
its base somewhat bilobed. 

RACES AND VARIETIES. 

The great range and frequency of variation in the carp is undoubt- 
edly largely due to its domestication or semidomestication since early 
times. As is to be expected, this has resulted in the naming of a large 
number of varieties or races. In Europe, where carp culture is car- 
ried on systematically, these races are kept pure and true, so far as 
possible; but in this country no attention has been paid to them, at 
least in recent years, so that we need not treat them in detail here. 
Those interested in the subject will find an exhaustive account in the 
contribution entitled "Cber Karpfenrassen," by Dr. Emil Walter, in 

a The position of the thoracic septum Is here taken as the beginning of the stomach. 
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the recent book by Knauthe (1901). These names have often been 
given specific value and were bestowed usually either for characters 
of the integument or of form (cf. Giinther, 18*38, p. 26); thus we have 
such names as Cyprinus wacrolepid'Otus^ 0, rex cyjyiunorum^ C. ^pecu- 
larls (for the mirror carp), C, nudus (leather carp), and C, cirrosus^ 
C. regina^ C\ himga7*icus^ (J. elatu^^ C, aciunlnatus^ etc., and V7. hyhis- 
coid^^ a variety with the fins much prolonged. This list of synonyms 
might be extended mu<!h further. 

Hessel (1881) considers all the varieties of carp as falling into three 
chief groups, which he distinguishes as follows (op. cit., p. 867):* 

1. Cypririu« corpio ('ommimis^ the scale carp; with regular, concentrically-arranged 
scales, being, in fact, the original species improved. 

2. Cyprinm carpio speculariSy the mirror carp; thus named on account of the extra- 
ordinarily large scales, which run along the sides of the bo<iy in three or four rows, 
the ret^t of the l)ody being bare. 

3. Cyprlnun carpio corlnccuSy or nudiiSy the leather carp; which has on the back 
either only a few scales or none at all, and possesses a thick, soft skin, which feels 
velvety to the touch. 

Walter (Knauthe, 1901), however, says the scale, mirror, and leather 
carp must not be considered as distinct species or races, although the 
conditions of the scales are characteristic, since a similar differentiation 
of the scales, or at least a tendency to it, is found in every true race 
of carp. In many ponds where one of these forms (i. e., scale, mirror, 
or leather) has been raised, the others have appeared spontaneously. 
He concludes that they should be considered only as varieties. He goes 
on to say that the ordinary characters are so inconstant and variable 
that sharp lines can not be drawn between the various intergrading 
races. In his opinion, the division into races should depend princi- 
pally upon the relations in size of various parts or measurements of 
the body, though he correlates with this set of characters three others, 
viz, (1) rate of growth (i. e., the abilit}' for rapid growth); (2) adapt- 
ability to climatic changes, and (3) time of sexual maturity. He then 
develops a rather artificial classification, depending mostly, as he says, 
upon the two ways in which the flesh is disposed upon the back; that 
is, whether there is a large development of the dorsal musculature, 
fomiing a highly arched outline, often with a hump and a reentrant 
angle back of the head, or whether the dorsal outline is low and com- 
paratively straight. He uses as a measure of this the ratio of the 
height of the body to the length. This ratio is designated by the 
letter V in the following classification, translated from his paper (p. 85): 

I. CultivaUMl races; V=l:2tol:3. 

(a) High-backed cultivated races; V=l:2 to 1:2.6. 
(6) Broad-backed cultivated races; V=l:2.61 to 1:3. 
II. Primitive and degenerate races; V=l:3.01 to 1:3.6. 

Here belong aho those forms under the size ratio 1 : 2 to 1:3 which do not 
have a breadth in correspondence with their size ratio. 

oThe blue carp, ho willed, is probably but a color pha.se, and not a true *• variety." 
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It seems probable, however, that the character of the scales should 
be placed with the other four categories of characters given above 
as being another modification brought about by artificial breeding and 
selection and not as a condition due simply to conditions of domesti- 
cation, as is sometimes supposed. All of these characters are probably 
heritable, although some of them, such as rate of growth and time of 
sexual maturity; may undoubtedly be readily influenced by external 
conditions in the individuals of a sin^e generation. Furthermore, 
there apparently can be all combinations of these characters, and the 
so-called different varieties and races are the fish possessing the vari- 
ous combinations. In general, it may be said that the most highly 
specialized carp are those which are destitute of scales, which grow 
quickly, are high in proportion to their length, and tend to have a hump 
back of the head, and which become sexually mature at an early age. 

These various forms of carp probably differ in no essential way, 
except that they are not so well differentiated and established, from 
what are spoken of as '^breeds" by stock breeders. There would 
appear to be no valid reason for calling those with the different char- 
acter of scales "varieties," and to class those which are differentiated 
as to form as "races." It is merely that the most obvious characters 
are those which have become most permanently established by selec- 
tion, namely, character of scales first and form second. Walter 
claims that ability for quick growth has also been fixed in certain 
stocks. Thus a fish of good quick-growing stock may later make a 
good growth even if poorly nourished during its first or second year, 
whereas a fish of poor stock under similar conditions would be perma- 
nently stunted. The hardiness, or ability to resist climatic condi- 
tions, he says has not yet been made permanent in any stock, though 
it is claimed that scale carp possess the ability to a greater degree than 
the others. The adaptability to climatic conditions probably becomes 
reduced rather than increased as the other characters are developed. 

All intermediate stages are found in the sets of characters men- 
tioned. For example, fish may be entirely covered with scales, but 
the scales are larger and fewer in number than on the regular scale 
carp, and, similarly, one finds all gradations between the leather and 
the mirror cai-p. The same thing is true of the form of the body. 
This is especially the case with the fish in our waters, where all kinds 
have become established and have interbred until there is a complete 
series in the gradation of characters in almost any lot of fish taken, 
and a division of them into varieties must be an arbitrary one. As a 
matter of convenience in my work, those fish which had larger and 
fewer scales than typical scale carp I called mirror ciirp. Some 
authors state that the leather carp should be entirely destitute of scales; 
others that it may have a row of scales along the back and a row on 
each side. In no case in the Great Lakes did I see a carp entirely 
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destitute of scales, and those which are nearly bare are few compared 
with those entirely scaled. Of nearly 3,000 fish counted at random at 
various times and at different places about Lake Erie, something over 91 
per cent mi<^ht be called scale carp, and I should judge that at Lake St- 
Clair the percentage was even higher. It is very probable that under 
the present free conditions of life of these fish, with the constant inter- 
breeding, thej^ are gradually returning to the primitive scaled condi- 
tion, and although there are no data to show the rate at which this 
process may have been progressing since they have become established 
in our waters, a few years more ma\' see an even smaller proportion 
of mirror carp than there is at present. 

HYBRIDIZATION. 

Not only does the interbreeding of the different varieties of carp 
(using the word "variety" in its broad sense) cause confusion, but all 
these varieties cross readily with certain closely related species of 
fishes, giving rise to a number of hybrid forms. The eonunonest of 
these is a cross between the ordinary carp and the so-called crucian 
cai'p {CarmHtus vuhjaria)^ a common fish in Europe. The resulting 
hybrid was described as a distinct species before its true nature was 
known, and was given the name Carpio kolluriL It is often known 
in Germany as the ''poor man^s carp." In general it is intermediate 
in character between its two immediate ancestors, but often resem- 
bles Cyprinns carpio so closely that it can be distinguished only with 
difficulty. Hessel (1881, p. 868) made the following experiments in 
crossing in order to settle the question of what resulted from the 
various crosses. He savs: 

In order to determine this question, I myself managed to bring abont such crosses 
by placing (1) female common carp with male crucian carp, and (2) female crucian 
carp with male common carp, in small tanks, constructed with this end in view; (3) 
I also put together female Carpio kollarii with male common carp; this for the sole 
purpose of testing the capability of propagation of the C. koUariij which had been 
doubted. In the two former cases I obtained forms analogous to the Carjno kollarii 
sometimes approaching in appearance the true carp, at others the crucian carp. In 
the third case, however, having placed ripe Carpio kollarii together with C^printis 
carpiOj I obtained a product with difficulty to be distinguished from the genuine 
carp. I took the trouble to feed them for three years, in order to try their fitness 
for the table j but their flesh was exceedingly poor and very bony and could not be 
compared by any means to that of the common carp. 

Hessel remarks upon the frequency of this cross throughout Europe, 
and says that in many instances it is cultivated by pond owners, who 
suppose that they have the true cai^p. So far as I am aware the cru- 
cian carp has not been introduced into this countr}^. But the cai'p is 
also said to cross readily with the gold-fish {CaraHsius auratus), tench 
{Tinea tinca)^ and some others. The first of these is already abundant 
in some of our waters, though the others have not as yet, at any rate, 
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become well established." This is a matter of considerable im}x>rtance, 
for whatever may be our opinion of the carp as a food fiah^ we cer- 
tainly do not want it any poorer than it is. For this reason it would 
seem that efforts should be made to i^revent the introduction of the 
crucian carp in our waters, and to restrict, so far as possible, the 
spread of gold-fish, tench, and other fishes with which the carp may 
hybridize with a resultinij: deterioration of the food value of the race. 

SIZE, GROWTH, AND AGE.* 

There appears to be but little definite information as to how long 
carp may live, and what size they may attain. It is said that they 
may live to be 100 or even 150 years old, and may come to weigh 80 
to 90 pounds, but these statements are generally based upon insuffi- 
cient evidence. That the fish do commonlv reach a weight of 30 to 40 
pounds, however, seems quite certain, and* Hessel (1S81, p. 874) says: 
'*It is a w^ell-known fact that tw'o largo carps, weighing from 42 to 55 
pounds, were taken several years ago on one of the grand duke of 
Oldenburg's domains in Northern German}^," and also claims to have 
had in his possession some scales 2i inches in diameter, which came 
from a Danube carp that weighed 67 pounds. 

The largest carp I have myself seen from the Great Lakes w'ould 
not weigh much over 20 pounds. That the fish do attain a much larger 
size i.>, however, certain. Mr. W. Cleaver, upon whoso information 
1 can rely, tells me that in the spring of 1903 he received from San- 
dusky Bay a female carp which weighed 30 pounds after spawning. 
According to the ratio between the weight of the ova and the entire 
weight of the fish found in another case, before spawning this fish 
would have weighed, in all probability^ fully 37 pounds. From the 
fishermen, both at Lake St. Clair and at Lake Erie, 1 often heard of 
carp weighing 30 and 40 pounds, but these were only estimates and 
not based on actual figures. That there are at present to be found in 
these waters carp weighing more than 40 pounds I doubt. 

As has already been stated, the rate of growth of carp (as is true of 
most fishes) depends in a great measure upon the temperature of the 
water in which the fish lives and the abundance of suitable food. Under 
ordinary conditions in open waters of temperate regions they will 
reach a weight of 3 to 3i pounds in three years (Hessel, 1881, p. 873), 

aGoode (1888, p. 418) says the tench haa become well acclimatised in the Potomac. Dr. H. M. 
Smith, however, informs the writer that the tench is not numerous in the Potomac, but the gold-ftsh 
is ulmndant and has become one of the regular market fishes at Washington. It ha» lost the brilliant 
coloration it had when it encapcd from the Government ponds, and now has the dull brown color of 
the primitiye type; the fuih is not recognised in the market, and ifi f^old under the name of "sand 
pcTch." 

^It is maintained that the age of carp may be told with considerable accuracy by means of the 
successive lines of growth uijon the Fcales. {similarly to the way that the age of a tree is determined 
by counting the annular rings. Persons interested in this subject will lind a full di«ru.ssion of it by 
Dr. Emil Walter in the book on carp-cultur|j by Knauthe (1^01), chapter in, pp. 8H-122, "Die Alters- 
be.stimmung des Karpfens nach der Sciiuppe." 
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but in warmer climates the j^rowth is very much more rapid, and sex- 
ual maturity also is attained at an earlier age. Numerous examples of 
the rapid growth of carp in the warmer waters of this country have 
been reported. Thus in a report of the Illinois Fish Commission 
(Illinois, 1884, p. 10) will be found the following statement bj^ Doctor 
Adams, of Spring Hill Park, Peoria, with regard to some fish received 
by him from the State: 

At less than 2 years of age one of the carp weighed 9} pouiuls, measurmg22 inches 
in length, a growth of over 1 pound a month from the time it wan placed in warm water. 

Doctor Adams had previously had the fish in a spring where the water 
was cold, and they had not done well. Many more statements may he 
found in the early reports of the United States Fish Commission. 

Goode (1888, p. 414) takes from Cholmondeley-PennelPs "Fishing" 
the following very good table giving the comparative weights and 
lengths of carp: 



Lengrth. Weight. • Length. 



Inchen. 
9 
10 
11 
12 
13 
14 
15 
16 



Uba. Oz. 


Inchr*. 


71 


17 


11 


18 


14} 


19 


1 2i 


20 


1 8i 


21 


1 14i 


22 


2 4 


23 


2 lU 


24 



Weight. 


1J)8. 


Oz. 


S 


ik 


3 


Uk 


4 


9 


5 


H 


6 


21 


7 


li 


8 


1* 


9 


Si 



Length. 


Weight. 


Inches. 


Lbe. Oz. 


25 


10 0} 


76 


11 11 


27 


13 2 


28 


14 10 


29 


15 4 


30 


16 


« 





THE COMMOX NAME. 

For the sake of completeness a word as to the name of the carp may 
not be out of place. According to Day (1880-1884, p. 159): 

Carp has Ween derived from the Greek term **kuprinos," itself said to be from 
"kupris** or "Cyprus," where Aphrodite or Venus was first worshiped, and may 
have been given to this fish in order to symbolize its extraordinary fecundity. 
Holme (1688) gives seizUng as yearlings, next a sprole or sprale from 2 years of age, 
terms taken from Gesner's Swiss names of this fish, they not being called ** karpf " 
until 4 years old. In the last century we are told (Whole Art of Fishing, 1719) it 
was cjiUed the froih-irater fox and fju.een of rivers, Cerpyn, Welch. De Karpery Dutch. 
La carpe, French. 

In the United States it has come to be generally known as the Ger- 
man carp, because of its importance in Germany and its introduction 
here from that country. Some protest has been made against the use 
of the name, as the carp is not in the strict sense a German or even a 
European fish, but, like the term English sparrow, it is a name that is 
likely to persist. Both of these names are historically appropriate, so 
far as we are concerned, since they serve to indicate the source of the 
first ^ lots of each species introduced. In ordinary usage, however, 
simply the word "carp" is used, and it is so that the fish is known 
'•ciall}". 



leaving out of consideration the rather douTjtful introduction of carp into the Hudson 
France by Captain Kobiufion about 1830 (see p. b'Vd). 
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THE CARP IN EUROPE. 

The little that is known of the early history of the carp is given, 
with slight variation, in nearly all works which treat of the fish, and 
as I have nothing to add I shall here give merely a brief sunimar3\ 
There seems to be a general agreement that carp were indigenous to 
the temperate portions of Asia; and they had probably spread into 
southeastern Europe before the Christian era. Aristotle speaks of it 
as "a river fish without a tongue, but having a fleshy roof to its 
mouth; as producing eggs five or six times a year, especially under 
the influence of tlie stars; as having eggs about the size of millet seed; 
and as being occasionally struck by the dog-star when swimming near 
the surface" (Houghton, 1879, p. 15). It is also mentioned by a num- 
ber of other writers of earl}' times and is spoken of as an excellent 
article of food. 

The carp probably came into western Europe by easy stages. Iles- 
sel states that its culture in Austria can be traced back as far as the 
year 1227, and it is claimed to have been introduced into Germany and 
France two or three decades later (1258). The extensive ponds at 
Wittingau, in Bohemia, were begun as eai'ly as 1367. Carp culture 
was carried on especially in connection with monasteries and on a 
number of large estates, and has come to be an important commercial 
industry, especially in Austria-Hungary and Prussia. It is said that 
an acre of water suitable for carp culture will rent for as much as an 
acre of land. The fish's range has gradually extended in Europe, 
until now it is found over practically the whole of the continent from 
Italy to Sweden and Norway, and from France and the British Isles 
to Russia and the boundaries of eastern Siberia. It does not do so 
well, however, and is little cultivated, in the more northern portions 
of its range, such as Scotland, Sweden, Norway, Finland, etc. 

Peyrer (1876, p. 615) states that in Austria the "Danube carp" 
was once a favorite and cheap food of the common people, but that 
its numbers have become greatly decreased. A writer (Anonymous, 
1880) whose paper has been translated in the Report of the United 
States Fish Commission for 1878, and Veckenstedt (1880) have given 
good descriptions of the carp fisheries of the Peitz Lakes in Nether 
Lusatia, some 60 to 80 miles to the southeast of Berlin. There are 
some 76 of these lakes, which are a royal domain and are rented to a 
private individual at an annual return equivalent to $12,870. The 
ponds are drawn in October, and this is the occasion for a general 
holiday' in the region. The drawing off of the water is begun three 
weeks beforehand, and when the fish have congregated in the deeper 
places they are taken by means of large drag-nets, or seines, capable of 
holding 5,000 pounds of fish. At Cottbus, a near-by city, meets the 
so-called "Carp Exchange," composed of buj'^ers from the large firms 
in Halle, Leipzig, Dresden, Magdeburg, Posen, Berlin, etc. The 
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i-aisers also convene to determine the price that shall be asked for carp. 
Jt is stated that from iiOO,000 to 300,000 fish are sold at Cottbus in a 
season, representing an aggregate weight of 800,000 to 1,000,000 
pounds. After being weighed the fish are transferred to perforated 
boats — what we would call live- cars — and are transported down the 
canals and rivers to the largo cities, where they are to be consumed. 
This is a slow and laborious journey, the cars often having to be car- 
ried over shallow places on rollers, and a week is required to get the 
fish to Berlin, while to reach Hamburg and Madgeburg takes four or 
five weeks. This is in striking contrast to our method of packing the 
fish in ice and shipping them 600 miles or more to market in a couple 
of days. The German method has the advantage of getting them there 
alive. 

Just when and whence the carp came into England is not known. 
It is generall}' conceded to have reached there, however, between 1051 , 
when it was not mentioned in the Anglo-Saxon Dictionary of JFAtric^ 
and 1480, the date of first publiciition of the *'Boke of St. Albans," 
where it is spoken of as ''a deyntous fysshe: but there ben but 
fewe in Pinglonde" (see p. 529). Linmeus puts the date of intro- 
duction into England as 1000, and it is sometimes attributed to Mas- 
call^ in 1511; but proba})ly he is responsible onh^ for the extension of 
the range into Sussex (Day, 1880-1881, p. 103). In the privy pui'se 
expenses of King Henry VIII, in 1532, various entries are made of 
rcAvards to persons for bringing "carpes to the king" (Yarrell, 1836, 
vol. i, p. 300, frou) Pickering's edition of Walton, p. 207, note). All 
recent writers agree that the oft-quoted ''doggerel lines of — 

* Turkiee, carp, hop, pickerel, and l>eer 
Came into England all in one year' 

may be considered interesting as verses, but not faithful representa- 
tions of facts.'' 

Day (1880-1881, p. 103) gives the date of the introduction of carp 
into Sweden as 1500* and into Denmark as 1600; but de Broca (1876, 
p. 279, footnote) says they were taken to Denmark more than a hun- 
dred years earlier, in 1550, by Pierre Oxe. Malmgren (1883), in an 
address to the bureau of agriculture of the imperial senate of Finland, 
advises against anj^ attempt to raise carp in that country, as he thinks 
that on account of the climatic conditions it would not pay. They 
were introduced into Finland in 1801, when Chamberlain Baron v. 
Linder placed some in the ponds of his estate of Svartu, but they are 
said to have died out after a few years. Some attempts were made 
prior to 1801, but they were all failures. Malmgren sa\'8 that Hol- 
stein and Courland are the most northerly countries where carp culture 

nSomctimcH written " Marshall." 

6 la his "Fishes of Malabar," Daj' (1866, p. xil) remarks: *' Block obaerves that Ih hte time, 1782, 
? to the dftrenoration of the species in the north, due to tlie coldness of the climate, several 
s were yearly dispatched from Prussia to St<xjkholm with further supplies of live carp." 
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is successfully carried on, and that even in Schleswig the people com- 
plain of lack of success. Nevertheless, "in 1879 a landed proprietor 
in Schoren [the most southerly Province of Sweden] commenced to 
Taiso carp in ponds; and there is a reasonable prospect that this kind 
of fish culture, if carried on rationally and cautiously, will prove 
profitable, because carp can easily stand the climate in the southern 
part. of Sweden" (op. cit., p. 377). However, all attempts of King 
John III to raise carp on the island of Oeland proved futile. 

In Noi*way carp were, when Malmgren wrote, acclimatized in only 
two places — near Farsund, in the southernmost part of the country, 
and at Milde, near Bergen. In Russia they were said to be found in 
some of the imperial ponds near St. Petersburg and near the convent 
of Walanio, but there was no attempt at carp culture. 

These records of the northerly extension of the carp in Europe are 
of interest when we compare them with its distribution in North 
America. 

INTRODUCTION AND DISTRIBUTION OF CARP IN THE UNITED 

STATES. 

It is uncertain when the first carp were introduced into the United 
States. This may have been done at any time by private individuals, 
though if such was the case the fish were probably only kept in tanks 
or small ponds as curiosities, for it is certain that with the exception of 
their establishment in California they never gained a general distribu- 
tion or attracted much attention until their successful introduction by 
the Fish Commission in 1877. Certain early writers mention the 
presence of carp in American waters, but there can be little or no 
doubt that they have misapplied the name to some native fish. Thus, 
in the Report of the Commissioners of Fisheries of Massachusetts 
^Massachusetts, 186r)), quoting the early colonists of New England, 
occur the following lines in reference to the Connecticut River: 

In it swim ealmon, stui^eon, carp, and eels, 
Above fly cranes, geese, ducks, herons, and teals. 

And again, in his history of the Fisheries of Chesapeake Bay and its 
Tributaries, McDonald (1887) takes from the diary of Col. William 
Cabell, of ^' Union Hill," Nelson County, Va., the statement: 

1769, Oct. 25: Caught 2 fine carp in our traps. 

These traps were set in the James River, and in this case at least 
we can easily see what fish may have been mistaken for the carp, since 
the so-ctiUed carp-sucker {Carplodea cypn'iiius)^ which in a superficial 
way greatly resembles the true carp, occurs abundantly in the waters 
of that region. A much more recent case is given by Clark (1887, p. 
735), who takes from Ricketson's History of New Bedford^ (Massa- 
chusetts) the statement following. 

a 1858, p. 403. 
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In 1858 the varieties [of fishes] to be foand in the waters of New Bedford were: 
Fresh-water: Trout, perch (white, red, yellow), pickerel, chub, carp, silverfish, 
minnow, hornpout, eel, clam. 

But as other evidence of the occurrence of the carp in Massachusetts 
at that time is lacking, we must again conclude that the identification 
was at fault. 

In 1842, however, the name of the carp appears in scientific literature, 
being included by De Kay (pp. 188-190) in his list of the fishes of New 
York. He remarks upon its introduction as follows (p. 189): 

I am not aware that any attempt has been made to introduce the carp into this 
country previous to the year 1831, which, it will V)e Been by the following letter from 
Henry Robinson, eti^., of Newburgh, Orange County [New York], was attended 
with comi)lete success. 

**I brought the carp from France in the years 1831 and 1832, some 2 or 3 dozen at 
a time, and generally lost one-third on the passage. I probably put into my ponds 
or 7 dozen. They soon increased to a surprising degree, and I have now more than 
sufficient for family use. I have not paid much attention to their habits, but I have 
noticed that they spawn twice a year; first about the middle of May, and again in 
July. It is said in France that they spawn three times, but I have not observed it. 
During the period of spawning, which lasts about ten days, it is very amusing to 
watch tlieir operations. They come up to the surface, and the females deposit their 
spawn along the sides of the pond among the grass, where they are impregnated by 
the males as they are emitted. During this process, they keep the sides of the pond 
in a foam with their gambols, and it is not difficult at that time to take them with 
your hands. They grow quickly, reaching 3 or 4 inches the first year, but after that 
time their growth is very slow. The largest I have taken yet have not exceeded 10 
or 11 inches, my ponds being too small for them to equal the size of those you see in 
Europe. They are very shy of the hook; I generally bait with small pieces of fresh 
brea<l, (of which they are very fond, ) made up into small pills with the fingers, and 
at the same time drop a small piece of bread into the water near the hook, when they 
bite readily. My ponds are supplied by springs of pure and clear water, but they 
keep the water in such a state that they cannot be seen at the bottom. 

** For the last four years past, I have put frpm 1 to 2 dozen carp every spring in the 
Hudson river near my residence. They have increased so much that our fishermen 
frequently take them in their nets. They are larger than those in my ponds." 

There are several other references in the literature to apparently 
the same introduction. In the Transactions of the American Institute 
(1851) for 1850, page 397, in a discussion before the Farmers' Club, 
we find the following: 

Mr. Meigs. — We are pleased to see among us Captain Robinson, of Newburgh, who 
brought the Carp from England several years ago — thus conferring a great benefit 
upon his country by adding a fish before that unknown in our waters. 

Captain Robinson. — I brought the Carp from France about seven « years ago, put 
them into our Hudson river, and obtained protection for them from our Legislature, 
which passed a law imposing a fine of $50 for destroying one of them. I put in Gold 
Fish at the same time. Now some of these Carps will weigh 2 pounds, and some of 
the Gold Fish, which are a species of Carp, are quite large, some of them being pure 
silvery whit«. Both kinds are multiplying rapidly. 6 

a Thtro is here a discrepancy in the date. If, as Robinson says in his letter to De Kay (above), he 
brought the carp to this r.'onntr>' in 1831-32, seventeen years would come nearer to It than seven. 
bThia discufsion is noted by E. E. Shears (1882). 
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From both the preceding quotations it appears that Captain Robin- 
son had been planting young carp in the Hudson regularly since their 
establishment in his pond. According to a writer in Forest and 
Stream, who signs himself ''R." (1874), these were further augmented 
a few years before that date by the bursting of the dams of Captain 
Robinson's ponds. He says: 

More than fifty years ago^* Captain Henry Robinson, owner of one of the Havre 
packets, brouj^ht the first carp and goldfish to this country from France. He placed 
them in a small pond on his place in the southern part of this village [Newburgh, 
N. Y.]. Several years ago, when the dam of the pond broke away, many of the fish 
escaped into the river. They appear to multiply very rapidly, and any number 
might be obtained from the fishermen about the bay. 

Finally, in the Bulletin of the United States Fish Commission for 
1882, we find the following letter (dated New York, May 31, 1882), to 
Professor Baird from Mr. Barnet Phillips (1888): 

To-day Mr. James Benkard, vice -president of our fish cultural association, told me 
that his grandfather, Capt. Henry Robinson, had, about 1830, first brought carp from 
Holland [sic] and put them in his ponds at Newburg, and that he had therefore 
reason to suppose that the carp in the Hudson were derived from these. In Frank 
Forester's "Fish and Fishing, '* of 1849, page 166, you may find a statement to this 
effect, which Mr. Benkard says is substantially correct. 

I have thought these data might be useful when the whole history of the carp 
in American waters is to be written up. 

In spite of the positive statements in the foregoing quotations there 
still seems to be some question as to whether the true cai*p was found 
in the Hudson prior to the time of its introduction into the country 
by the Fish Commission. In the letter to Professor Baird from 
Mr. Shears (1882), dated January 26, 1881, and already quoted, he 
savs: 

I notice that the gold-fish are quite plenty in the river in this vicinity [Coxsackie, 
Greene County, N. Y.]; also a fish alx)ut the size and shape, which is called a silver- 
fish, but they do not correspond to Captain R[obinson]'8 description of the silver-fish. 
These are nearly or quite as dark as a rock-bass. I have seen none that would weigh 
over one pound and a half. When caught in fykes by the fishermen, they are usually 
pronounced unfit to eat and thrown back in the river. However, last fall I saw 
them peddled through the streets, and the fishermen told me they could catch 
scarcely any other kind, and they sold as well as perch or bass. I have not had an 
opportunity to taste any of them, therefore am no judge of their flavor. 

It is to be noted that he makes no mention of the carp. That Pro- 
fessor Baird was inclined to the opinion that there were no true carp 
in the Hudson is shown by the following paragraph taken from his 
report for 1877 (U. S. Fish Commission Report, 1879, p. *43): 

Considerable discussion has arisen as to the person to whom the introduction of 
the carp into America is dxie; indeed, it is claimed that this was done many years 
ago. Certain fish-ponds on the Hudson River are said to have been emptied of their 
contents by a sudden freshet, and, as a consequence, the Hudson is now full of what 



a Here, a^rain, there is a disorcpancy in the date. The introduction of the fish oould not have been 
more than forty-three years before. 
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iri called the carp and sold as such in the New York market. I have not yet, how- 
ever, l^cen able to find a tjingle fish among those sold as carp which is really any 
other than the common gold-fish, reverted to its original normal condition. Indeed, 
in the olivaceous fish caught in great numbers in the Hudson there are usually found 
precisely similar specimens of whit<^, red, and all intermediate conditions. While, 
therefore, I can not say that no genuine carp were transferre<i to the Hudson, none 
have come under my observation; and it has o<'curred to me as possible that the 
Prussian carp, Ot/prinus carmsinn, L., may have been the one introduced, or possibly 
the hybrid progeny of this and the true carj) may have been gradually mixed with 
the gold-fish. 

If we could know whether the description given by Dc Kay (1842, 
p. 188) was made by him from specimens taken in New York, or 
whether he merel}' copied what he gives f ix)m some European writer, 
we might be able to throw some light on this subject. Certain it is 
that his description disagrees in a number of points with that of the 
true Ct/prin its carpio^ but it is apparent that some of these are inac- 
curacies, as they do not agree either with the Prussian (or crucian) 
carp or with the hybrid, the so-called Cyprlnus IvllariL The most 
important points in this connection are, perhaps, that he gives the 
length as 6 to 12 inches, and describes the '^nape and back" as ^'ris- 
ing suddenly." True carp in the second or third year, under ordi- 
nary conditions, should attain a length of more than 6 to 12 inches, 
while the hybrid rarel}" exceeds 8 inches in length (Seeley, 1886, p^. 
104). It is noteworth}', too, that Captain Robinson in his letter to 
De Kay (p. 540) states that his fish grew quickly, reaching 3 or 4 
inches the fir^t year, but after that time their growth was very slow, 
while the largest he had taken from his pond did not exceed 10 or 11 
in(!hes. lie adds, however, that those subsequently taken from the 
river were larger than those in his ponds. 

Even more significant, it seems to me, however, is the statement 
that the nape and back rise suddenly, for though this may be in some 
of the more highly cultivated races of carp, it is not usually the case, 
especially when they have bred out of the confinement of pondts for a 
time, where no artificial selection is made. On the other hand, the 
description forcibly suggests the broad shape of the hybrid mentioned, 
which in outline approaches the crucian or Prussian carp, Car(hS%iv» 
vulgcrr'is. That this last is not the fish meant by De Kay is shown by 
his statement that the fish has four barbels. 

As matters stand, we shall probably never know whether the fish 
brought over by Captain Robinson were true carp or whether he hap- 
pened when procuring the fish in France to get hold of specimens of 
the hybrid form, which occurs in abundance in many parts of Europe. 
It makes little difference which they were, however, since the com- 
paratively little stock in the fresh waters of southeastern New York 
could have little influence on the multitude of fish, from a new impor- 
tation, which was spread broadcast over the countrj^ a few years later. 
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The circamstances attending the successful introduction of the 
scale carp into California, in 1872, by Mr. J. A. Poppe, of Sonoma, are 
better known. Mr. Poppe left California for Germany in the spring 
of 1872. At a place called Reinfeld, in Ilolstein, he procured 83 carp 
of various ages and sizes (cf. Poppe, R. A., 1880, p. 663), the three 
largest of which were 2 feet or more in length, the smallest "the 
length of an ordinary steel pen." The fish were placed in 22-gallon 
tanks arranged one above the other, so that the water flowed down 
from the highest to the lowest, when it wa.s dipped back to the top. 
These were put aboard a steamer for New York. Many of the carp 
died on the way, the larger ones going first, and only 8 reached New 
York alive. These were taken across the continent to San Francisco 
in safety, but 3 more were lost before reaching Sonoma, where Mr. 
Poppe arrived on the 5tli of August, 1872, with only 5 of the smallest 
of the 83 fish w4th which he started. Ponds had already been pre- 
pared, and the surviving carp were placed in them at once. They did 
well from the first, and, according to Mr. Poppe in the report men- 
tioned above, they spawned the next spring, by which time they had 
reached a length of 16 inches! It was estimated that in May (1873) 
there were in the ponds over 3,000 young carp. The young fish were 
sold to farmers throughout California and adjacent states, and some 
were shipped even to Honolulu and Central America. The report 
gives a list of persons in Sonoma County who undertook the culture 
of the fish, and states that at that time (presumably 1878) Los Angeles, 
San Bernardino, and the adjacent counties in the southern part of the 
state were well supplied with the fish, and reports were coming in 
from all quarters that they were doing remarkably well. 

There seems to be some question, also, as to whether the fish intro- 
duced by Mr. Poppe were a pure strain, for Professor Baird (U. S. 
Fish Commission Report, 1879, p. *44), who examined some specimens 
that were sent to him, savs: 

These are scale carp, apparently somewhat hybridized; at least, they do not pre- 
sent the characteristics of the pure breed brought by Mr. Hessel:" 

He here refers to the fish introduced under the direction of the 
Fish Commission, the subject which we will now consider. 

The question of the introduction of the carp into the United States 
was taken up by the Fish Commission within a few years after the 
organization of that Bureau. The first mention of it occurs in the 
rex)ort for the years 1872 and 1873 (U. S. Fish Commission Report, 
1874, pp. Ixxvi, Ixxvii) under '^Fishes especially worthy of cultiva- 
tion." Professor Baird, at that time Commissioner, there says: 

SuflScient attention has not been paid in the Unite<l States to the introduction of 
the P]uropcan carp aa a food-fish, and yet it is quite safe to say that there is no other 

aGo(Xle (188S, p. 417) says: "Those [carp] introduced into California a few years ago by Mr. Popp 
were an inferior strain of Scale Carp." 
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species that promises so ^eat a return in limited waters. It has the pre-eminent 
advantage over such fish as the black bass, trout, grayling, <&c., that it is a vegetable 
feeder, and, although not disdaining animal matters, can thrive very well upon 
aquatic vegetation alone. On this account it can be kept in tanks, small ponds, &c., 
and a very much larger weight obtained, without expense, than in the case of the 
other kinds indicated. 

It is on this account that its culture has been continued for centuries. It is also a 
mistake to compare the flesh with that of the ordinary Ctjprinidie of the United 
States, such as suckers, chubs, and the like, the flesh of the genuine carp ( Cyprinus 
carpio) being firm, flaky, and in some varieties almost equal to the European trout. 

It was not the intention of the Fish Commission to introduce the 
carp into waters that were alread}*^ stocked with good native species, 
nor was it claimed that the carp was superior to the majority of our 
indigenous food fish. But it was believed that it could be successfully 
raised in many sections of our country not favorable to the growth of 
better fish. In this connection Professor Baird remarks in a subse- 
quent report (U. S. Fish Commission Report, 1879, p. *41): 

There are several species of American Calostomidse which might in all probability 
answer in some measure, if not fully, in place of the carp. Among them are espe- 
cially the buffalo fish, a large sucker, the flesh of which is much esteemed. As, 
however, some special varieties of carp have been developed and had their instinct 
of domestication established, while experiments on our indigenous species are scarcely 
yet tried, there is no reason why time should be lost with the less proved species. 

In another place (U. S. Fish Commission Report 1873-4 and 1874-5, 
p. xxxvi) he enumerates the good qualities of the carp which made it a 
desirable species for cultural purposes in the United States. These 
are given as follows: 

1. Fecundity and adaptability to the processes of artificial propagation. 

2. Living lai*gely on a vegetable diet. 

3. Hardiness in all stages of growth. 

4. Adaptability to conditions unfavorable to any equally palatable American fish 
and to very varied climates. 

5. Rapid growth. 

6. Harmlessness in its relation to other fishes. 

7. Ability to populate waters to their greatest extent. 

8. Good table qualities. 

Nearly all, if not all, of our American food fishes are carnivorous, 
preying for the most part upon smaller fish of all kinds. The increase 
of these forms is therefore necessarily limited, especially in small 
bodies of water, where it is difficult to keep them supplied with food. 
The large-mouthed black bass {^rLlcropteinis salmoides)^ which has been 
extensively used for stocking rivers and lakes throughout the country, 
is a good example. But where strictly a food fish was required, it 
seemed that one at least in large part a vegetable feeder possessed far 
greater advantages, and, as stated above, no native fish answered these 
requirements so well as the carp. 

In the winter of 187(5-77, Mr. Rudolph Ilessel, in the interests of 
Fish Commission, as an initial experiment shipped carp from 
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Bremen to Baltimore, but, owing to a storm of unusual severity to 
which the vessel was exposed, all w^ere lost on the way. He immediately 
returned to Europe, however, where, at HOchst, near Frankfurt, he pro- 
cured another lot of fish. These he succeeded in bringing in safety to 
New York, and on May 20, 1877, they were placed in ponds in Druid 
Hill Park, Baltimore. This lot consisted of 345 fish, of which 227 were 
naked and mirror carp, and 118 were common scale carp. The ponds 
at Druid Hill Park not being sufiicient for the proper care of the fish, 
Congress allowed use to be made of the Babcock Lakes in the Monu- 
ment lot, in the cit}'^ of Washington, and appropriated the sum of 
^5,000 to put these in proper condition. In the following spring 
these ponds were ready for the reception of the fish, and 65 leather 
carp and 48 scale carp were transferred to them from the Druid Hill 
Park ponds. 

The fish that remained in Baltimore, under the care of Mr. T. B. 
Ferguson, spawned in 1878, but some gold-fish had entered the pond 
accidentally, and the carp hybridized with these, so that instead of hav- 
ing young true carp there were some 2,000 hybrid young. These 
were destroyed as being worthless. The results were more satisfac- 
tor}^ in 1379, in which year about 6,000 young were reared. Of these, 
2,750 were distributed to applicants throughout Maryland, the 
remainder in other states. In this year the fish in the ponds at 
Washington spawned for the first time, and about 6,000 were also 
reared there. Altogether, in 1879, some 12,265 carp were distributed 
to over 300 persons in 25 states and territories. Among the recipients 
were various state commissioners, who redistributed their fish to 
applicants in their respective states. 

Applications for carp had begun to come in as early as the fall of 
1876, and the number increased rapidly in the succeeding years. In 
1877 there were 22 applications, in 1878 144, and in 1879 235, while in 
18S0 there were nearly 2,000. 

In 1879 new ponds were constructed at Druid Hill Park, and it was 
in this year, also, that a new importation of carp was made from Ger- 
many. These were brought over by Dr. O. Finsch (1882), a German 
naturalist, who obtained 100 mirror carp from Mr. Eckhardt, of Lilb- 
binchen. These were small fish, a year and a half old and only 6 to 8 
inches long. Only 23 reached New York alive, although the water 
was aerated by pumping air into it, and ice was used to keep the tem- 
perature down. The fish were shipped from Hamburg in coal-oil bar- 
rels, and Dr. Finsch attributes the large mortality to the fact that one 
of the l)arrels was not clean, and to the warm weather. The survivora 
arrived in New York on the 6th of May, whence they were shipped to 
Washington without loss and turned over to Mr. Hessel, tlie superin- 
tendent of the Washington ponds. 

F. C. 190i— :jo 
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In the succeeding yearB the demand for carp steadily increased, and 
the fish were furnished in great numbers b}' the Fish Commission, 
being sent to all parts of the United States, and some shipments 
being made to other countries. We find in the reports of the Commis- 
sion that in several successive years carp were sent to Canada, and in 
1882** the}" were also distributed to persons in fk^uador, Costa Bica, 
and the City of Mexico. In 1882 over 7.000 applications for carp 
were filed, and 5,758 applicants were supplied with 15 to 20 carp each, 
143,690 fish being distributed in this way. With an appropriation of 
$12,000 made by the Forty -yixth Congress, the breeding ponds were 
extended until theix) were some 20 acres of ponds devoted to raising 
this fish. 

In this year, also, an attempt was made to bring carp eggs to this 
countr3\ On May 31, Mr. George Eckhardt arrived from Geimany 
with two cases of carp eggs, packed after a method that had been 
found successful for transportation for shorter distances; l)ut w^hen 
the eggs were examined here they were found to be dead and covered 
with fungus. The effort had been made only as an experiment, and 
was so far unsuccessful, on account of the long time required for the 
journey, that it was not. repeated. Another importation of the adult 
fish, however, is recorded in 1882, when, as a return for favors extended 
to the Deutsche Fischerei-Verein, Herr von Behr forwarded to the 
Commission a number of the so-called blue carp, "a variety believed 
to be of particular interest, and which has not been hitherto cultivated 
by the Commission." When these arrived on Januar}'' 4, 1882, it was 
found that 19 of them were of '*pure blood,'' while 4 were hj'brids. 
The hybrids were destroyed and the others turned into the Govern- 
ment ponds. 

As illustrating how thoroughly carp were disseminated throughout 
the United States in these early j'ears of its introduction, the data for 
1883 furnish an interesting example. In that year carp were sent into 
298 of the 301 Congressional districts, representing 1,478 counties; in 
this way 2^)0,000 carp were distributed, in lots of 20, to 9,872 applicants. 
The distributions continued large until about 1890, when the}^ began 
to diminish, and were finally discontinued in 1897. The following 
table givas the approximate figures for the distribution from 1880 to 
1896: 

a Records taken from United Slates Fish Commi«ssion rei)orts have reference to fiscal years begin- 
ning July 1. Distributions of carp were niade in the full of the calendar year preceding the dai« 
desi filiating the liscal year— 1. e., distributions in the ILscal year 1882 were made in the fall of the cal- 
endar yearl>5«l. 
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Carp distributed by the United Slates Fish Commission. 



Fiscal year. 



1K50 
1881 
1882 
1883 
1884 
1885 
188G 
1887 
1888 



Number 
of fish. 



12,266 
66,166 
143,696 
259,188 
162,000 
167,948 
348,784 
133,768 
175,410 



Fiscal year. 



1889.. 
1890.. 
1891.. 
1892- . 
1893.. 
1894 a 
1896.. 
1896 ^ 



Number 
of fish. 



170, 402 
26,316 
33S809 
167,093 
72, 481 
47,757 
S3. 935 
87,208 



a In 1894 400,000 young carp were used for feeding bass. 

bin 1896 about 600,000 young carp were used for feeding bass, and since that date all the carp 
hatched by the Government have been used for the same purpose. 

At the present time the carp has come to have a very^ general dis- 
tribution, especially in the temperate portions of the world. Its 
distribution in Asia and Europe has already been mentioned (p. 537). 
It is now found in abundance all over the United States wherever the 
waters are at all suitable. Many were sent to Canada hy this Govern- 
ment shortly after the introduction of the species, but with the excep- 
tion of some of the waters of Ontario, especially in the vicinit}' of the 
Great Lakes, it does not appear to have become very abundant, owing 
without doubt to the coldness of the waters. From this country a num- 
ber of lots were sent to Ecuador, Costa Rica, and Mexico, where it was 
said to be thriving. It was introduced into the Hawaiian Islands from 
California, and Cobb (1902, p. 452) reports it as being found now on 
the islands of Maui and Kauai. On the former it is quite common in 
the irrigation ditches near Wailuku, where it is said to have been first 
planted. The fish are not often sold, as they are not popular with the 
whites and natives on account of their muddy flavor, but thej^ are 
caught and eaten by the Japanese and Chinese. 

In reference more particularly to the history of the carp in the 
Great Lakes region, there can be little doubt that prior to 1879 there 
were no carp here. In that year the first distribution was made by the 
United States Fish Commission, and those who received fish were 6 
applicants in Ohio, 5 in Indiana, 2 in Illinois, and 1 in Wisconsin. In 
the following year a large number of persons in these states received 
carp either directly from the United States Commission or indirectly 
through their state commissions, and the real introduction of this fish 
into the waters of the Great Lakes basin may be said to date practi- 
callj" from that year. This was only twenty-five years ago, and the 
wonderful increase of carp since that time is in many ways compara- 
ble to that of the English sparrow in this country. 

The distribution of carp in 1880 did not take place until late in the 
year — in November for the most part — and it is not likely that many 
reached the public waters that fall. Many of them surely did so the 
following sea^son, however, to say nothing of those that were planted 
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there directly by the government and state comniissions. There was at 
this time a fever of enthusiasm for carp culture throughout all parts 
of the United States. From the time of the proposed introduction 
the Fish Commission had published many papers, including a number 
of translations of German articles, giving much information on the 
habits of the carp and its desirable qualities, and explicit directions as 
to the methods in vogue in raising carp in Germany, where this indus- 
try is most important. The newspapers took the matter up and were 
loud in its pmises, but neglected to give so large a share of attention 
to the pmctical side of the question — to the care and attention the 
fish should have in order to make the venture a success. Most men 
are interested at once when they think there is a chance of getting 
something for nothing, and here seemed to be an opportunity to have 
a perpetual suppl}^ of fresh fish for anyone who had land with any 
kind of a mud hole on it that would hold a few bucketfuls of water. 
Accordingly applications for carp piled in, and were filled as soon as 
possible. As a result of ignomnce and neglect, a large proportion of 
these fish or their offspring were soon undoubtedly in the public 
waters — largely from the breaking of dams of improperly constructed 
ponds, and two years later (in 1883) came reports of their being taken 
in considerable numbers bv fishermen in the rivers and lakes. 

Besides the stocking of the public waters which occurred accident- 
ally, many fish were also purposely planted in them. In 1881 the Ohio 
State Fish Commission put 40 carp into the Maumee Kiver (Ohio Fish 
Commission Report, 1882, p. 1435), and in May of the same year some 
were planted in Ten Mile Creek. These were 2k inches long when 
liberated, and it is reported that in the following September and 
October a number were caught which would weigh 4^ to 5 pounds, 
while one had a weight of 8 pounds. In the same report we read that 
12 carp w^ere given to Mr. Charles Carpenter, of Kelleys Island, which 
is in the very midst of the breeding grounds of the white-fish, and 17 
to Mr. Edward Lockwood, on the (Catawba) Peninsula. Both of these 
lots doubtless contributed sooner or later to stock the lake. Indeed, 
one of the first lots of carp sent out from Washington was in Novem- 
ber, 1879, to Mr. Lewis Leppelman, Fremont, Ohio (Smile}-, 1886, 
p. 792), which is on the Sandusky River, and probably there is no 
place in the United States to day Avhere carp are much more abundant 
than in the waters of Sandusky River and Hay, In July, 1883, how- 
ever, Mr. Leppelman thought he still had all his fish, so they could 
not have contributed to the first stocking of the river and lake. 

One of the earliest records I find of the taking of carp in Lake Erie, 
where they are now so abundant, is given in a compilation by Mr. 
C. W. Smiley (1886, p. 738) among the statements of those who 
received carp of the Fish Commission. This is the statement of J. C. 
Sterling, of Monroe, Mich., December 10, 1883, that one of the 
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Monroe fishermen found in his catch of white-fish the previous week 
a fine specimen of German carp which weighed 3f pounds. The pound 
from which the fish was taken was in Lake Erie, about three-fourths of 
a mile out from the mouth of Raisin River. I was unable to learn 
from the fishermen of this region the exact year when they began to 
catch carp, but all agreed that it was "in the early eighties." 1 was 
told that when the first carp were taken no one about the fish houses 
knew what they were, and they were kept on exhibition in tubs as 
curiosities. It is needless to say that they are no curiosity there now, 
when hundreds of tons are shipped from a single place in the course 
of a year. 

About this same time carp began to be taken by the fishermen in the 
waters of the Mississippi River and its tributaries. Early in July, 
1883, a fisherman at Naples, 111., on the Illinois River, caught a mirror 
carp weighing 5 pounds. At Pekin a mirror carp was taken which 
weighed 6 pounds, and at Meredosia, also on the Illinois River, another, 
with a weight of 8 pounds (Illinois Fish Commission Report for 
1883, pp. 10-12). Carp which had escaped from ponds were also taken 
at or near Hannibal, on the Mississippi, and young carp were taken at 
Quinc3\ Their numbers have increased to a remarkable extent, until 
now the carp forms the most important fishery product of Illinois. 

The Great Lakes are, on the whole, not well suited to carp. Their 
sandy or rocky bottoms near shore are hard and wave beaten, and 
support at the best a very scanty vegetation, while they slope oflf so 
quickly to a considerable depth that the sun has little chance to raise 
the temperature of the shallow water to that degree of warmth most 
favorable for these fish. The western end of Lake Erie and Lake St, 
Clair, especially at its upper end, on the broad delta formed by the 
St. Clair River and known as the St. Clair Flats, are exceptions. In 
the latter place the shallow bays often possess soft, mudd}'^ bottoms, 
and are filled with animal and plant life similar to that found in the 
smaller inland lakes. These conditions suit the carp well, and it is 
found there in great abundance. Even better are the conditions in 
Lake Erie, for the whole upper end of the lake is of inconsiderable 
depth, while into it open rivers and bays with hundreds of square 
miles of flat, muddj^, reed-grown marshes, which furnish ideal feeding 
and breeding grounds for a fish like the carp. It is probable that the 
fish breed, for the most part at least, in the marshes; but they are 
often fully as abundant in the lake itself. Just what relation they 
have to the two places — to the marshes and to the open lake — has not 
been definitely determined, but the probability of their migration from 
one to the other, with possibly more or less regularit}^ will be dis- 
cussed later. 

The most extensive marshes connecting with Lake Erie are those of 
Sandusky Bay and Sanduskj'^ River, which opens into it, the marshes 
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along the Portage River above Port Clinton, at Monroe, Mich., and 
at places along the north shore. These last 1 have never had oppor- 
tunity to visit. Marshes of less extent occur at Erie, Pa., and at other 
places along the south shore. 

It must not te supposed from what has been said that the carp are 
by any means limited to the places mentioned in Lake Erie and Lake 
St. Clair and in the waters of the Mississippi River and its tributaries. 
As a matter of fact they are usually present in numbers in any of the 
inland lakes and streams of the region which are suitable for them, 
and especially near the mouths of many of the rivers emptying into 
the Great Lakes, which usually have more or less extensive marshes 
for some distance back. This is true of nearly all the streams which 
open into the lower end of Lake Huron, Lake St. Clair, and Lake 
Erie, and into the St. Clair and Detroit rivers, connecting them. It is 
due to a slight tilting of the earth's crust to the southeast, which has 
caused the waters to flood the lower courses of the streams and pro- 
duce what are known as " drowned cliannels." The marshes along the 
western side of Michigan are probably due for the most part to a sim- 
pler cause. There the sand, which is thrown up by the waves and has 
been blown up into immense dunes, tends to choke up the mouths of 
the streams entering Lake Michigan, causing them to flood the country 
many miles back. Such marshes are found along the Kalamazoo, 
Black, and Grand rivers, and at Muskegon and other places along the 
lake, in all of which carp are plentiful. 

That the extensive carp fisheries are at present confined to so few 
localities results from a number of causes, among which is not so 
much the relative abundance of the fish as the ease with which it 
may be taken. The shallow shores of Lake Erie and the equally 
shallow bays of the St. Clair flats aflford excellent places for hauling 
a seine— an operation which is of ten attended with great difficulty or is 
well nigh impossible in the mai*shes, where the bottom is soft and the 
water grown with weeds. Local laws also, in some places, interfere 
with the seining of carp. 

HABITS AND SPECIAL SENSES OF THE CARP. 

Observing wild carp under natural conditions requires much care 
and a great deal of patience. Under favorable circumstances, when 
not disturbed or alarmed, they may often be seen swimming lazily 
about among the weeds in shallow water, frequently with the dorsal 
fin projecting above the surface. Their mouths are constantly in 
motion as they breathe, taking in water and expelling it through the 
gills, and at the same time working about in the mud or over the sur- 
faces of the water plants for food. The resemblance of their mouths 
to that of the sucker is at such times especially apparent. In spite of 
the appearance of taking life so easih', the}' have nevertheless the 
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ability for quick and powerful movement, for, let anything give the 
fish the least fright, there is a twirl, a splash, and it is gone. It is, 
in fact, a strong and rapid swimmer when it puts forth the eflFort. 
One who has occasion to search for carp comes to be able to recognize 
them almost without fail just by the way they make this saddes break 
and dash away, even if the water is so roily — as is often the case — that 
the fish can not be seen at all. If the water is more than a foot or so 
in depth, there is usuallj' not a splash, although there is an audible 
sound, a sort of dull thud; the water boils up where the fish started 
with the first strong la^ of its tail, and a disturbance of the water 
due to the rapid passage of the fleeing fish underneath shows the course 
as it dashes away. This it usually does in an almost straight line — 
that is, it does not zigzag about. If th« water is clear, a glimpse of 
the fish may be caught; or, if among rushes or cat-tail flags, the move- 
ment of these indicates the line of retreat. If a considerable school 
of large carp is startled, and they go off in this way through the 
rushes, the whole surrounding growth will wave and rattle as if a 
sudden and erratic wind had struck it, the reeds twisting and bending 
in all directions at once. There are other fish, such as the fresh-water 
dog-fish {Amia calva) and some of the bass, which one will sometimes 
start up singly here and there among the rushes, and which will dart 
suddenly away; but anyone who ever chances to startle a school of 
caip in this way will have no trouble guessing the authors, if, indeed, 
it occurs to him to attribute so much commotion to fish at all. 

This refers to carp in the open. In ponds they l^eeome easily tamed, 
learn to come to a certain spot to be fed, and, it is said, will even take 
food from the hand. This tameness in small ponds probably depends 
not onlv uix>n the familiaritv the fish come to have with the surround- 
ings and with people, but as well upon the fact that they are better 
fed and the struggle for existence is greatly reduced — their common 
enemies are absent, so that they get less exercise and tend to become 
more sluggish in temperament. To prevent this, it is the custom 
of European fish culturists to introduce into their ponds certain pre- 
daceous fish, such as pike, which keep the carp active and in good 
condition. 

That carp are wary is well known to fishermen, who speak of them 
as " wise," '' knowing," and " cunning." For this reason their capture 
is difficult. They usually avoid the ordinary form of set net, so that 
comparatively few are taken in fykes, traps, or pounds. Seines, once 
around them, are difficult to evade, and it is in this way that they are 
taken for the most part. But if a seine becomes torn or does not drag 
closely on the bottom they are quick to find the opening, while large 
numbers often escape by jumping out of water and clearing the cork 
line. Day speaks of this characteristic of the carp in his work on the 
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Fishes of Great Britain and Ireland (1880-188-i, p. 160). To use his 
words: 

• 

The fisherman finds this fish an adept at escaping from nets, by burrowing below 
it, or springing over the corks, ... So diflScult is it to net that . . . one c«n well 
understand the Norfolk pen-men regarding it with mysterious awe, how its entrances 
and its exits into pieces of water puzzle them, and how, as Lubbock remarks, they 
consider it as something more than a fish, and look upon it as what the Scotch term 
"no cannie." 

Although 1 have spoken above of the carp's habit of ordinarih^ swim- 
ming about lazily and quietly, this is b}' no moans always the case, for 
these fish often produce a considerable disturbance by their splashing. 
This is when they arc feeding in shallow water, and will be discussed 
more fully when we come to consider the feeding habits. The}^ also 
splash about consideml)ly at the breeding time. 

Carp exhibit a marked tendency to go about in schools. In regions 
where they are a))undant, it is usual to find either a large number in a 
given locality, or else none at all. That these schools are frequently 
of great size is apparent from the fact that several tons of carp are 
often taken at a single seine-haul along the shore of the open lake, 
which is rather more conclusive evidence than is afforded when they 
are taken in a bay or other partially inclosed place. 

Moderately warm, shallow waters with abundance of aquatic vegeta- 
tion, and deeper places to which the fish can retreat, are the most favor- 
able conditions for carp, and it is in such places that they multiply 
fastest and obtain their most rapid growth. In the hilly eastern part 
of the United States localities of this kind are relatively scarce, but the 
rivers and lakes of the Southern and Middle States, with their exten- 
sive bayous and mai'shes, come very close to the ideal conditions. 
This suitability is abundantly evidenced by the rapidity with which 
carp have taken possession of them, and have become in them, it might 
almost be said, the dominant piscine type. Nevertheless they are by 
no means confined to these waters which meet their requirements to 
the best advantage, but seem to be able to adapt themselves to a variety 
of conditions, though with less success. Thus we find them invading 
to a certain extent the colder and deeper waters of the Great Lakes, 
though a few fathoms is a great depth for them, and I have no evidence 
to show that they go to any extent into the deeper waters. They will 
live in small ponds fed by springs, where the temperature of the 
water alwaj^s remains very low, but in such places their growth is slow 
and they are by no means so prolific as in warmer waters. On the 
other hand, they may sometimes be found living in mudholes, where 
it would not seem that thej'^ could obtain enough food for existence and 
where the temperature must at times in summer become comparatively 
high. The}'^ will live, and apparently do well, in waters that are 
strongly mineral. I saw, for example, a carp pond in northern Ohio 



THE GERMAN CARP IN THE UNITED STATES. 553 

fed by -an artesian well so heavily charged with sulphur that what 
appeared to be free sulphur was deposited in the wooden trough 
which conducted the water from the pipe to the pond. It is said that 
they even occur in abundance in the brackish or senaiibmckish waters 
of the Atlantic coastal region (Townsend, in "Discussion on Carp," 
Transactions American Fisheries Society for 1901, p. 117); and Day 
(1880-1884, p. 163) states that "a considerable number are taken in the 
Black Sea and Caspian; and Nordmann remarks upon their presence 
in the salt lakes of New Russia." 

SIGHT. 

Although carp work about in muddy, roily water, the roiliness being 
due largel}^ to their method of feeding, they have, nevertheless, a quick 
sight, which serves them well when the water is clear. As will be 
discussed more fully under the subject of hearing, many actions which 
have been attributed to that sense are in reality dependent upon sight. 
Not only do they take fright easily at anything which moves, but there 
can be no doubt that they are able to recognize unusual stationary 
objects as well. I have often stood quietly for long times where the 
water was clear and carp were feeding on all sides of me only a short 
distance away. But when a fish came in my direction, it seldom 
approached closer than seven or eight feet, and usually not so close, 
before it would take fright and dash suddenly off. On the other hand, 
I have sometimes stood in roily water when they would actually bump 
into my legs before they would turn with a splash and dart away. At 
one time 1 built a scaffold some seven feet high above water in order to 
be able to overlook a wider circle of marsh. It was on the edge of a 
large spawning ground of black bass, and although a bass which was 
guarding a nest not far from the base of the scaffold soon became 
accustomed to the unusual structure and resumed his domestic duties, 
few carp came in sight, in spite of the fact that I sometimes remained 
quietly there /for an hour and more at a time. When they came 
within a circle which would be traced by a line at an angle of approxi- 
mately 45^^ from my position to the water, they apparently became 
frightened, and left suddenly. 

In attempting to study the behavior of the fish at night, I at another 
time emploj^ed a powerful acetylene searchlight, such as is manufac- 
tured for use on launches. But this seemed to frighten them, even 
when 4 or 5 rods away. As the beam of light was swept around to 
different points I could hear the carp dash away through the rushes, 
and could sometimes see the disturbance they caused in the water, but 
in no case was 1 able to get close enough to see the fish themselves. 
Common experience in fishing at night with a *'jack" shows that 
many kinds of fish are not so frightened by a sudden strong light. 

That sight plays an important part in the feeding of carp may 
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readily be seen by the way they sometimes immediately take food 
thrown into the water before it has a chance to settle to the bottom. 
I have made no experin^ents to test accurately the sense of sight in 
carp. 

HEARING. 

It has always been a widespread opinion among carp culturists and 
fishermen that these fish are quick to detect and respond to ordinary 
sounds, such, for example, as the human voice. It is well known 
that pond fish regularl}^ fed at a particular place soon learn to congre- 
gate at that place to receive their food. Many such instances have 
been recorded not only for carp, but for gold-fish, trout, and other 
species. As an illustration of the popular belief, which was appar- 
ently as prevalent in this country as in Europe, I may quote the s^i4>e- 
ment of Mr. S. W. Coffin^ given by Smiley (1886, p. 696): 

The Eound of my voice is sufficient to bring them to the surface of the water, and 
a whistle caases them to come for food. For this they scamper throagh the water 
like so many pigs. They disappear as suddenly at the voice of a stranger. 

Seeley (1886, p. 08) says: 

The hearing of the carp is excellent, and there are many examples of their answer- 
ing a call; and it moves by hearing even when it cannot see. It makes an andible 
sound in eating and iii swallowing air. 

Fishermen, both here and abroad, are very careful to make as little 
noise as possible as they set their nets around a school of carp in the 
open or prepare to seine them from a pond; but when the net is set 
and it is desired to drive the fish into it they splash the water and shout 
to make all the noise they can. 

Parker (1903) has recently investigated this sense in a few fishes and 
has g-i ven a general discussion of the subject. Since then Bigelow (1904) 
has done the same for the gold-fish; and since this last is such a near 
relative of the carp, we may be reasonably certain that the conditions 
in the two species are much the same. The experiments of these 
authors show without doubt that certain fishes, including the gold-fish, 
and so we are safe in assuming also the carp, are capable of hearing 
sounds produced in the water, or which are transmitted directly to 
the water, such as striking the side of a boat with an oar. I have had 
opportunity to see evidence of this in the field myself. By paddling 
quietly and carefully I have been able to work my boat into an open 
area in a pond where carp were present in numbers without disturb- 
ing a fish, when a sharp blow against' the rail of the boat with the 
paddle would send them scurrying into ttfe rushes in all directions. 
In this case, however, other vibrations besides sound waves are trans- 
mitted to the water which the fish might perceive by the sense of 
touch, so that such an experiment could not be considered as conclu- 
sive evidence that the fish heard the sound. This complication was 
obviated in the experiments of the authors mentioned above by the 
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use of an electric tuning fork giving a certain number of vibrations 
per second, which was placed against a board end of the aquarium in 
which the fish were being tested. 

On the other hand, most fish "appear to be unaffected by loud talk- 
ing or other like noises originating in the air" (Parker, 1903, p. 45), 
due undoubtedly to the fact that the ordinary sound waves produced 
in the air are transmitted to the water to a very slight extent at most. 
Several years earlier Kreidl (1896) had perfonned certain experiments 
on trout in the fish basins of the Benedictine Monastery at Krems, 
Austria, where the fish were called up to be fed at the ringing of a 
bell. He found that the fish appeared just the same if a person went 
to the customary place without ringing the bell, and that no amount 
of bell ringing would bring them if the person remained out of sight. 
On this account Kreidl concluded that fish could not hear at all. That 
sight is the important factor in the assembling of gold-fish to be fed 
was suggested by Seeley (1886) some ten years before, though he 
credited them with the ability to hear as well. He says (p. 112): 

Their sense of sound is sufficienUy acute to obey a familiar call. The Chinese are 
said to assemble them in ponds at feeding-time in this way; but in ponds wher^ vis- 
itors feed them in Europe they presumably detect the newcomer by sight; for we 
have noticed that a gathering never fails to greet visitors on their appearance at pub- 
lic gardens in which these fishes are exhibite<i. 

From all this it appears that while fishermen, when desiring not to 
frighten the fish, need to be careful not to make disturbances which 
are transmitted directly to the water, such as splashing, or jarring a 
boat or similar object partiallj^ submerged, they need have little fear 
of talking; while, conversely, shouting probably has as little eflFcct in 
helping to drive the fish, when that is the result desired. This fact 
will probably be received with satisfaction by those anglers who 
believed it necessar}^, but found it onerous, to maintain a sphinxlike 
silence while trying to outwit their finny prey. 

TASTE AND SMELL. 

As a matt-er of convenience these senses will be considered together. 
Of the two in fishes the former is much the better understood. 
Herrick (1903) has recently made an important contribution to the 
subject, besides giving an excellent review of the literature. It has 
long been known that carp have sense organs, known as "terminal 
buds," over the whole surface of the body and on the barbels, similar 
to those which occur abundantly in the mouth, and to which the sense 
of taste has rightly been assigned. Direct ph3^siological experiments 
have not been made on cai*p, but from his experiments on a large 
series of other fishes Herrick concludes (p. 2(56) that^- 

It may be regarded as established that fishes which possess terminal buds in the 
outer skin taste by means of these organs and habitually find their food by their 
means, while fishes which lack these organs in the skin have the sense of taste con- 
fined to the mouth. 
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Teiniinal buds, or taste-biuls, outside the mouth are best developed 
in bottom-feeding forms and those which, like the carp, burrow into 
the mud for their food. They proba})ly enable a carp to determine 
the presence of food material in the mud without actually having to 
take the mud into the mouth to tost it. 

What part the sense of smell plajs is not so well established, though 
from the experiments that have been made on other fishes it would 
appear to be of minor importance and to be of little value in a direct- 
ive way in the finding of food. In many fishes, however, it appears 
to enable them to detect the presence of food when it is in the imme- 
diate vicinity. 

The tactile sense is well developed. How far carp can detect slight 
movements of the water, a faculty attributed by Parker (1903) to the 
lateral line, has not been determined. 

MIGRATIONS. 

The word migration is not used here in the strict sense of a reg- 
ular and stated movement from one place to another, such as occurs 
in the salmon, shad, suckers, and manj^ other species that ascend riv- 
ers and streams to spawn. The only habit of the carp which can be 
compared to this is their retreat to deeper water with cold weather 
and their return to shallower water with the coming of spring. Their 
movements at other seasons appear to be irregular and probably 
depend upon local and variable conditions. In ponds and other small 
bodies of water such migrations are necassarily limited, but ma}^ be 
much more extended and noticeable in large bodies of water such as 
the Great Lakes. 

Some attempt was m^de to study this question in Lake Erie and the 
adjacent waters by liberating tagged fish and distributing a circular 
among the fishermen and fish dealers of the region, asking for the 
records of any of these fish that might be recaptured. A small copper 
tag bearing a num})er was attached, usually to the strong spine of the 
dorsal fin, b}' a piece of copper wire, though in a few cases the wire 
was passed through the basal lobe of one of the pectoral fins. This 
work was attempted only on a small scale at first, and later opportu- 
nity did not ofi'er for giving it a more effective trial. Moreover, the 
method in which the carp arc handled by the fishermen and in the 
wholesale houses made it ver}' unlikely that the small tags would be 
noticed before the fish reached the retail dealers in far away cities, 
when it would be too late to get the desired data, even if the tags 
were returned. As it was, only about one hundred individuals were 
tagged and liberated, mostly in the vicinity of Port Clinton and San- 
dusky, and none of these was ever heard from again. As a conse- 
quence, dirsct observation and the results and testimony of the fisher- 
men had to be relied upon for what information on this subject they 
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would give, and as the evidence gathered in this way was rather meager 
the question is still far from settled. Some of the observations are 
of much interest, however, and may serve to throw a little light on 
the subject. 

A large proportion of the carp shipped from northwestern Ohio 
and southeastern Michigan are taken directly from Lake Erie. Many 
fishermen are engaged in the business, and thej'^, for practical pur- 
poses, have had to learn much about the habits of the fish which 
furnishes them their livelihood. The}*^ go to the fishing grounds 
usually in open sail boats, returning to market wlien they have 
secured a good haul of fish. This means only a day's, or possibly two 
days', fishing when the carp are "on," but under unfavorable condi- 
tions the boats are often gone a week or more. The fish are taken 
for the most part by means of seines in shallow waters along shores. 
The methods of seining will be described more^full}^ later (p. Gil). 

It is not surpising, in a body of water the size of Lake Erie, that 
storms should affect very largely, in fact we might almost say control 
entirely, the abundance of carp along the shore. According to the 
government chart, there is nowhere in the upper end of the lake more 
than six fathoms of water, while along the southern side water less 
than three fathoms deep extends to a distance of two to five miles off 
shore. Strong northwesterly winds are not infrequent during the 
summer months, and in the winter the principal storms are from the 
north and northeast. It does not take ver}^ high winds to stir such 
shallow waters to their depths, as is shown by the fact that even in 
moderate storms the water is made roily to a long distance off shore. 
At such times the carp apparently go out to the deeper waters, 
and the* fisherman say they do not come in again until a day or two 
after the storm. Unfortunately the only data we have for determining 
the extent and character of these movements are the occurrences in 
the shallow shore water; we have little or no data for telling where 
the fish go when they leave. Pound nets in the vicinity of Niagam 
Reef, which is seven miles from the nearest land, and which were kept 
in operation all summer by a Port Clinton firm, did not help to throw 
an}^ light on this question, since few carp were taken in them at any 
time. It is possible that during stonns some of the carp leave 
the lake and run up the bays and rivers, and I am not convinced that 
such is not the case, at least with easterly storms, which raise the 
water level very appreciably at the western end of the lake. This 
produces a backward current up the bays and rivers, and evidence will 
be brought forward to show that carp run up the rivers with this back 
set. But storms from the north do not have this effect, while westerlv 
winds lower the water rather than raise it. So while I think it not 
unlikely that many of the carp in the lake may enter the bays and 
rivers when there is an easterly wind, it seems that if this were 
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generalh' true with all storms, whatever their direction, it woukl 
surel}' be known to the fishermen, w^ho utilize this movement of the 
fish in the river for their capture, as will ))e explained later. 
• As mentioned above, the water level at the upper end of Lake Erie 
is very variable. The long axis of the lake lies nearly west-southwest 
and east-northeast, so that both westerly and easterly winds have a 
great influence in piling the water at one end or the other. The pre- 
vailing winds of summer are southwesterly to westerly, so that the 
level is almost constantly changing. This gives a great resemblance 
to tides, except that the changes are, of course, much less regular, and 
genei-ally of less amplitude. A strong southwest wind, however, 
blowing steadily for a day or two, will lower the general water level 
in Sandusk}' Bay, for instance, a foot or more, while a long-continued 
storm may result in an even greater change of the level. As soon as 
the wind ceases, or shifts around to the opposite direction, as is usually 
the case in our cyclonic storms, the reverse current sets in, affecting 
the water for miles up the Sandusky and Portage rivers. 

Just how far this variation of the water level and the consequent 
reversion of flow of the rivers influence the movements of the carp I am 
unable to say. This much, however, is certain. A fall of a foot or even 
less in the general water level means the laying bare of great expanses 
of marsh land, and the carp which were feeding over this area have to 
seek deeper water as that on the flats gradually becomes shallower. 
In this way the}" work into the smaller streams, and so into tbe larger 
creeks, and from these into the river. It is at such times that they 
arc taken in largo numbers in a seine which has previously been 
stretched across the mouth of the creek, as will be described more 
fully in connection with the methods of fishing (p. 613). The fish 
appear to be quick to appreciate the lowering of the water, for they 
begin to run out very soon after it has begun to fall. Conversely, they 
run up again and spread out over the marshes as the water rises. 

This movement, which seems to depend upon the gradual lowering 
of the water in the shallow places, is distinctly different in nature from 
the ordinary reaction of most fishes to a current of water. As is 
well known, most fishes, when placed in running water, immediately 
react by turning head-up into the current.'^' Tliat this is true of 
young carp, I liave ascertained by experimentation. It may also be 
the explanation of the crowding of those fish around the inlet when 
fresh water is being pumped into a pond, a phenomenon which will be 
described more fully in the discussion of their reaction to fresh water 
(p. 500). It is equally true that most fish become uneas}^ as the water 
in a vessel or other container is gradually lowered without producing 
a definite strong current. It is probably this ''uneasiness" w^hich 
causes the fish to leave the marshes as descril>ed above. 



a For a discumion of the orientation of fish to running wotc-r see a recent paper by Lyon (1904). 
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As to the raovements of the lish in the wintertime, when the rivers 
and bays are frozen over, I have no information. That the^- are in the 
deeper parts there is no doubt, and it seems likely from what 1 can 
learn from the fishermen that they must move about more or less even 
during the coldest weather. They are occasionally taken in numbers 
at this season, I am told, by means of a seine hauled under the ice. 

It will be seen from what has been given above that, although they 
apparentl}" do not have any regular and definite migrations, cai^p do 
make considerable movements dependent upon the conditions under 
which they live. It was at one time thought there might be some evi- 
dence to show that in Lake Erie the carp were coming to make a rather 
regular migration into the deeper parts of the lake with the approach 
of cold weather. The lake grows deeper to the eastward, and this 
would mean a general movement to the eastward in the fall and to the 
westward again in the spring. This habit in time might become 
established into a definite migration. But though the fish do undoubt- 
edly seek deeper water in the winter, they probabl}^ go onl}' far 
enough to escape freezing and the effects of storms. So long as they 
both feed and spawn in shallow wmter there is no other need for a 
migratory ha))it, unless perhaps the overpopulating of the more favor- 
able waters may force some of the fish to seek new grounds. Reports 
of large schools of carp at times seen toward the eastern end of the 
lake seemed to lend some support to this view. Thus I was told by 
Mr. Crangle, a fisherman in Cleveland, that some time in July, 1001, 
large schools of caip were seen in the open lake. In near shore were 
small fish, while farther out were schools of large ones, which were 
noticeable from their swimming about with their dorsal fins out of 
water. Mr. Crangle sa3's this was the first time carp had been seen in 
this part of the lake in such numbers; and he was certain of the iden- 
tification, because his tug was run right in among them. Prince (1897) 
maintains that the carp has an inherent nomadic tendenc}^, and thinks 
it is owing to this, in large part, that it has gained such a wide distri- 
bution. He says (p. 33): 

German carp are nomadic in their habita, and wander apparently aimlessly into 
all accessible waters, hence if introduced into any streams or ponds adjacent to and 
connected with other?, these fish will rapidly spread over the whole system. Sal- 
mon, trout, white-fish, pickerel or doT6j indeed all our native fish are more local in 
their wanderings and as a rule have definite courses of migration, and confine them- 
selves within recognized limits. The German carp has no such defined movements 
or habitat, thus Lake Erie, the St Clair waters of western Ontario, Lake Huron and 
other Canadian areas are being overrun by these fish, which have wandered from 
the more or less remote localities in United States territory where they were origi- 
nally planted. Like undesirable weeds they spread everywhere and it is practically 
impossible to limit their progress or to effect their extirpation. 
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REACTIOX OF CARP IN PONDS TO INFLOWING FRESH WATER. 

This reaction, which is very curious and marked, I am uncertain 
whether to consider a reaction to the current caused b}- the inflowing 
water or a response to the vohinie of fresh water being added to that 
which has been standing in the pond. Hessel (1881, p. 879) says: 

The inflow of water into tho pond phouUi never ))€ allowed to be direct; ap, for 
inntance, a brook falling into it. This often caupew the water to Mse at an inoi)i)or- 
tune time, carrying into the pond other fishes, eHj)ecially the rapacious pike. The 
carp alto has the disposition toxwim tmrard the injlowhig watery hy which means it is drawn 
away from its jtroprr feedinj-phu (>'. '* 

This mutter was first brought to my attention in a practical way by 
Mr. Thomas Hurrell, who owns a carp pond near Port Clinton, Ohio. 
This pond covers an area of some 20 acres, or more, of marsh land 
beside the Portage River. A deep cut was made along the riverside 
and embankments thrown up on three sides so that it is possible to 
keep the water level two or three feet above that of the river, the 
fourth side of the pond being formed by the natural slope of the land. 
The water is maintained at a nearly constant level b}' pumping in fresh 
water, as necesjjarv, from a dredge-cut just outside the em))ankment 
which leads from the river. The water is reall}^ elevated b}^ means of 
an endless-chain elevator. This is shown in figure 2, plate in, while 
figure 1, plate in, shows the chute which empties into the pond. At this 
place the water in the pond is some 8 to 10 feet deep, and directly 
from it leads the deep ditch along the riverside, while shallower ditches 
lead off into other parts of the pond. (See figure, p. 628.) Mr. Hur- 
rell said that scarceh" has he started the elevator when the fish begin 
to come from all parts of the pond and to congregate in the deep area 
where the fresh water pours in. His account of their quick response 
seemed almost incredible, and I expressed a desire to see the thing 
m3'self ; at which Mr. Hurrell kindly started the gasoline engine oper- 
ating the elevator, and at once a good stream of fresh water began to 
be poured into the pond. 1 was subsequently' fortunate enough to 
witness the i^henomena 1 am about to describe on several different 
occasions. The following account is taken with little change from my 
notes of one time: 

At the time of which I am speaking, a number of carp could be seen 
swinuiiing about in the vicinity of the pumping house with their backs 
out of water. Mr. Hurrell attributed this to the fact that he had 
recently been pumping, and that the fish had not all dispersed as yet. 
He now started the engine again, and within five minutes the carp began 
to congregate in numbers in that vicinity, and they could be seen com- 
ing far down the large ditch, as man}^ of them swam with their dorsal 
fins above the surface. The water near the inflow was soon full of 
them — it seemed as if there must be a number of tons of fish right 

a The italics arc mino. 
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there. They worked continually up toward the chute, where the 
water poured in, heading for the most part in that direction, but 
turning and twisting slowly about. They became so numerous after 
a time that the upper ones seemed almost forced out of the 
water, and many were turned over on their sides at the surface. 
Figure 4, plate iii, shows a nearer view of the writhing mass of 
fish, all struggling to get nearer to the source of incoming water, 
though their movements appear rather slow and deliberate. Here it 
will be noticed that some of the fish are turned on their sides, and 
by the exposed backs it can be seen that the}- are nearlj^ all headed 
in the same direction — to the right in the photograph. It was 
impossible to estimate the number of fish; there was no way of telling, 
in fact, whether they were mostly at the surface or whether they were 
as numerous deep into the water. I found, however, that at a distance 
of 20 to 30 feet away, where few backs were to be seen at the surface, 
an oar could not be put down into the water without hitting fish. 
Before long those nearest the chute began jumping out of water, some 
jumping to a height of nearly 2 feet into the air. Others made a 
jump and swam up the chute against the current as salmon leap a 
waterfall. Most were able to get up here but a short distance, while 
others worked up the whole length of the chute, some 6 or 8 feet, to 
the elevator itself. 

From the actions of the fish in the vicinitv of the inflow it seems as 
though they must be reacting to the current. There is no direct evi- 
dence that the response is anywhere to the fresh water and not to the 
current, as it is evident that to any part of the pond where the fresh 
water comes so as to influence the fish there must necessarily be some 
current. The part that seems incredible is that it should so soon 
effect remote parts of the pond with suflScient strength to produce a 
positive rheotaetic response on the part of the fish. It will be noted, 
furthermore, that if this is the correct explanation the response 
appears to be just the opposite of what has been given above for fish 
in the marshes when there is a change in the general water level of 
the river. There the fish ran with the current, spreading out over 
the feeding grounds; here they come against the current as far as they 
are able to come, and crowd about the inflow. What may determine 
the difference in the nature of the responses in the two cases I am 
unable to say. 

IIIBERXATION. 

Most observers agree that during the cold months in the temperate 
regions cai-p seek the deeper holes in pond or lake, where they pass 
the season in a semitorpid condition. It is said that they assemble in 
circular groups with their heads together and pointed somewhat down- 
ward towards the mud. During this time they take no food, though 
they are said to decrease but little, if at all, in weight. 1 know of no 

F. C. 1904—36 
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statement as to whether the respiratory movements are suspended, 
and I have myself had no opportunity to observe carp in this condi- 
tion. When I visited Lake Erie in November, 1901, some carp at 
least were still moving about, as they were taken in small numbers 
daily in the pounds and gill nets set for white-fish. This in spite of 
the fact that the weather was very cold, with frequent snow squalls, 
though the lake had not yet begun to freeze. Examination of the 
stomachs of these fish showed, too, that the}^ had been feeding, though 
in no case was there much food in the alimentary tract. This observa- 
tion agrees with the statement of Brakeley (1889), who sa3's that 
instead of hibernating with the nose in the mud for several months, as 
they do in Euroi>e, in this country they do so only for a short time, if 
at all. 

VITALITY. • 

Many instances have been reported to show the extent to which 
carp can resist cold. 1 can not do better than to quote a case 
reported by Smiley (1886, p. 676): 

On the mominj; of January 4, 1884, 2,100 German carp were forwarded from Wash- 
ington, by express, to Birmingham, Ala. Mr. F. L. Donnelly, a messenger of the 
Commission, proceeded by the same train to watch them on their passage and to 
take charge of them ui>on their arrival at Birmingham. The fish had been placed 
in tlie usual 4-(iuart tin pails, and packed in crates of 16 pails each. Each pail 
contained 15 carp. 

Mr. Donnelly and the carp arrived at Birmingham at 1.30 a. m., January 6. The 
j>ackages were left in the olHce of the Southern Express Company through the 
remainder of that night, but placed within 10 feet of the stove in order to prevent 
the water freezing. The thermometer indicated 4 ■*** E. at the tune of arrival. At 
8 o'clock on the morning of the 6th Mr. Donnelly examined the conilition of the 
finh, and in his otficial report dated January 14, says: 

"1 was greatly surprised to find every drop of water in the buckets frozen into 
solid ice, and all the fish ai)parcntly dead; but upon close examination of their eyes, 
I thought perhai>e a great many of them were still alive, though frozen solid in the ice.*' 

Mr. Donnelly thereupon courageously undertook to see if any of the fish could be 
saved. lie j)r()cured the necessary laborers, four large tubs, and a supply of water. 
He then broke the ice from the small pails, transferring such as contained carp to 
the water. He states that *'in this manner a great number of fish were soon freed 
from their confinement, and by constant working with them during the entire day 
we were able to save 1,300 fish." Although the thermometer continued to remain 
in the vicinity of zero, by careful management he succeeded in keeping the 1,300 fish 
alive until the 8th ami 9th, when they were distributed to the applicants throughout 
the Htixte. 

The saving of 1,300 carp out of a lot of 2,100, under such circumstimces, ma}' be 
considered a very remarkable achievement. 

Having prepared the foregoing statement from Mr. Donnelly's report, I sent a copy 
of it to ]Mr. L. 11. Black, route agent, Southern Express Company, Montgomery, 
Ala., asking how far he knew the statements to be true. Under date of January 25, 
1884, he wrote nio in reply ns follows: 

"As route agent of the Southern Express Company, my duties call me to Birming- 
ham. I saw the carp first on the morning after their arrival at Birmingham, and 
frequently during tlie day while Mr. Donnelly was at work with them. My opinion 
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ia that tbia statement ie correct in every particular. I give it from what I saw myself, 
and from information Mr. Donnelly gave me during the day while he was working 
with the fish." 

Smile}'' gives another instance (p. 698). This is the statement of 
Dr. George Wigg, Clay Center, Clay County, Kans., and is as follows: 

I have a German carp in my office that has l^een frozen stiff on 16 different occa- 
sions in one month, and yet each time resuscitation has been produced after the 
lapse of six hours. 

Although known as cold-blooded animals, the internal temperature 
of fishes is normally somewhat higher than that of the water in which 
they are living. According to Knauthe (1896) the amount of this dif- 
ference depends upon the condition of nourishment, and varies in the 
different races of caip. In the winter, when no nourishment is taken 
and the vital processes are mostly suspended, the temperature of the 
body becomes the same as that of the surrounding water, and Knauthe 
states that the crowding together at the bottom of such fish as the 
carp, tench, and barbel does not help to keep their temperature up, 
as is maintained by some authors. 

The hardiness of carp in enduring low temperatures for a long 
time without serious result is sometimes utilized in shipping them, by 
placing ice in the water to keep the temperature down. The normal 
activities are then much reduced, the respiration is retarded, and the 
fish can consequently stand a much longer sojourn in a small amount 
of water than would be possible at ordinary temperatures. I am told 
that the fish packed in ice even at points in Illinois .and northern Ohio 
are sometimes still alive when they reach New York, in spite of the 
fact that they are sent by freight. Townsend (1902 J, p. 677) says 
those in the top laj'ers will live two or three days; those below die 
sooner. In this case, of course, they are out of water entirely, though 
the gills are prevented from drying and the fish are kept moist by the 
gradual melting of the ice. 

Like many other hardy fish, carp can be kept alive out of water for 
considerable periods at ordinary temperatures if the}'^ are kept moist, 
and the}^ arc often transported for short distances by packing them in 
wet moss. In German}^ it is said to be a common practice at such 
times to place in the mouth of the fish a piece of bread or cake soaked 
in l)rand3'. The statement is commonh' quoted, especially in European 
w^orks dealing with the subject, that cai-p are sometimes packed in moss 
with the head protruding and are kept in this condition for weeks or 
even months (!), being nourished in 'the meantime b}^ placing food in 
the mouth. As an example of what is often stated, the following may 
be quoted from Day (1880-1881:, p. 160): 

Pennant observ^es upon the following experiment having ])een twice made, of 
placing a carp in a net well wrapped up in wet moss, the mouth only remaining ont, 
and then hung up in a cellar or some cool place, the fish being frequently fed with 
bread and milk, and often plunged into water. Thus treated it has been known to 
live above a fortnight, and grow very fat as well as lose its muddy taste. 
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Whatever may be the truth as to the above, it is certainly a fact 
that these fish can withstand much in the wav of adverse conditions, 
■and can live for a considerable period out of water so long as the gills 
are kept moist. When it is desired to transport fish from where they 
are caught it is usual for the fishermen merely to load them into the 
bottom of a boat when the distance is not too great. For longer dis- 
tances by water the}' arc usually towed in a live-car. 

When the United States Fish Commission was distributing many 
thousands of young carp every year it became a matter of great impor- 
tance to have some practical method that would be economical as well 
as efficient. The original plan was to send a few fish in a large milk 
can full of water, but this practice was expensive and unsatisfactory. 
Later it was found that the fish could be shipped long distances, requir- 
ing several da3's or a week for the journey, merely by putting them 
in small pails with only a little water. The usual method was to use 
4 or 6 quart tin pails, in which were placed 16 to 20 young fish 2 to 3 
inches long, with little more than enough water to cover them (see 
McDonald, 1882, and later reports of the Commissioner). This small 
amount of water is kept well aerated by the jostling of the pails in 
transportation and the movements of the fish. In fact, it usually 
becomes foam}-, on account of the slime secreted by the fish. I have 
myself used this method with success in shipping young carp from 
Port Clinton, Ohio, to Ann Arbor, Mich., the fish being about two 
days on the way. 

Although cai'p will live so long out of water if the gills are moist, 
or in a small amount of water well aerated, they succumb much more 
quickly to foul water — that is, to water not well aerated, and conse- 
quently charged with carbonic acid or unoxidized organic matter. 
Under such conditions they may usuall}^ be seen swimming about with 
their mouths at the surface, a circumstance that is always to be looked 
upon with suspicion by the owner of a carp pond, as it usually means 
that the fish will die imloss the conditions are quickly improved. Carp 
arc apt to do the same thing Avhen the temperature of the water be- 
comes too high. Of course this action must be distinguished from the 
normal feeding of the fish at the surface. 

FEEDING HABITS AND FOOD. 

Carp are frequently stated to be ''essentially vegetable feeders." 
It seems to me better to say thaX they are omnivorous, for I know of 
no food substance which a carp can get into its mouth that it will not 
eat. Since it can not be considered in the ordinary' sense a predacious 
fish, however, the animal matter which it can ordinarily obtain is lim- 
ited largely to insect larva>, small Crustacea and mollusca, and other 
similar small organisms, so that the bulk of its food is undoubtedly in 
^t cases vegetable. Carp are often compared to pigs in their feed- 
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ing, and the simile is not had, for much of their food is obtained by 
rooting about in the mud. In soft muddy or marl}' bottoms one will 
often see numerous little pits and holes a few inches, or often more, 
in diameter, showing where the fish have been at work. In most of 
its feeding the carp works slowly and rather quietly, thougli persist- 
ently; but the rooting in the mud they often undertake in a more vig- 
orous manner, twisting and splashing, and tugging at the roots of 
water plants. It is this that makes the water so roily, and anyone 
familiar with their habits can tell at once the presence of carp when 
they are feeding in this manner simph' by the appearance of the water. 
Moreover, the freshly dug up stems and leaves of cat-tails, sweet flag, 
wild celery, and other water plants are often to be seen floating about, 
furnishing further evidence of the destructive work going on below. 
The extent to which the character of the aquatic vegetation is changed 
in this way will be discussed later, when we come to consider the 
economic aspects of the question. The fish probably dig up these 
plants mostly for the tender shoots and rootlets, but the}' undoubtedly 
obtain many smaller organisms from the mud at the same time. The 
barbels at the sides of the mouth, which are well supplied with taste 
buds, are probably of much assistance in helping to ascertain the pres- 
ence of food particles in the mud. I have not been able t^o observe 
the process in natural surroundings, but judging from the actions of 
small carp kept in an aquarium, I should say that much of the mud is 
sucked into the mouth and further "tested'' for food bv the more 
efficient^ organs there; if satisfactory it is swallowed, if not it is 
rejected. The fish will often take into the mouth in the same way 
particles floating in the water, some of which will be swallowed and 
others rejected in a manner similar to that described by Herrick (1903, 
p. 265) in the sea robin {Prionotus carolhinH), In respect to the dis- 
tribution of the organs of taste and the manner of feeding, carp would 
thus appear to be midway between such forms as the cat-fishes on the 
one hand, which have a well developed sense of taste over the entire 
body, and the sea robin on the other, in which taste is confined to the 
mouth. 

Carp do not, however, do all their feeding at the bottom by any 
moans. Where the water is shallow and clear they may often be 
seen swimming slowly about, skimming floating particles of food 
from the surface or working industriously along the stems of the 
water plants. At the surface they probably get small floating plants, 
insects or their larvae, such as mosquitoes, May flies (or "June bugs," 
as they are popularly called along the lakes), etc., as well as the seeds 
of plants, and other substances which are dropped or blown into the 

a Herrick (1903, p. 2G7) says that '• the delicacy of the Bense of tastt» in the skin U diroclly propor- 
tional to the number of tenninnl buds in the areas in question." In the carp these budn are 
especially well developed on the "palate." 
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water accidentally. In feeding at the surface the fish swim about 
with the anterior part of the head showing, the mouth partly above 
water, partly below. The mouth is continuously opening and closing, 
and a sharp sucking or smacking sound is often produced, much as is 
made by a pig with his head down in the trough. 

Much of the carp's food is obtained by foraging along the stems of 
water planti^, and it also often eats quantities of the plants themselves. 
Many of these stems are covered with a considerable growth of algee, 
bryozoa, etc., among which live a variety of minute, and even micro- 
scopic, plant and animal forms. Such stems as float on the surface or 
lie in a horizontal position in the water can be gone over very easily, 
and sometimes this appears to be done in a more or less systematic 
manner, the fish beginning at one end and working gradually along to 
the other. In order to get at the vei-ticnl stems the fish often turn on 
their sides, when the mouth can be closely applied to the rounded 
surface. They were also often seen to take the end of a floating stem 
or leaf, such as a cat-tail leaf, into the mouth and then pull and tug at 
it vigorously. Even if they did not get off pieces of the stem in this 
way, they undoubtedly pulled off the algae and other substances 
growing on its surface. In one case I noticed a fish swinmiing about 
with a piece of partially decayed stem sticking from its mouth, but 
whether it was finally swallowed I can not say, as the fish swam away 
out of sight with the stem still protruding. 

Few records of the food of the carp in this country made from 
examination of the contents of the stomach and intestine seem to have 
been previously reported. H. Garman (1888) reported on one speci- 
men from Broad Lake, 111., soon after the species began to be found 
in the waters of that state. According to him the food ^* consisted of 
vegetation and moUusks, the former constituting two-thirds of the 
material in the alimentary canal, and consisting of dead leaves and 
seeds. The seeds were, as far as could be determined in a hast}^ exami- 
nation, chiefly those of trees and weeds. Elm seeds, ragweed seeds, 
and the seeds of Polygonum were noted. The mollusca were partially 
thin-shelled clams with an occasional Sphdei^lum^ and partly snails, 
such as Physa and Lioplax, All the matter was apparently gathered 
from the bottom. No trace of crustacean or insect food could be 
detected." 

In August, 1900, Mr. M. C. Marsh collected carp stomachs near 
Bellevue, on the ilississippi River, near Omaha, and from Maumeo 
Bay and River near Toledo, Ohio. Apparently no detailed study of 
these collections has been made, but Smith (1902), in his report on 
food fishes, gives a few general data. He states (p. 120) that the food 
was found to be largely microscopic, and contained in what was appar- 
ently- a mass of mud passed on into the intestine, where he thinks the 
digestion probably takes place. Portions that were recognizable 
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niacroscopically were rai'ely seen. In a few cases fragments of the 
higher water plants (e. g., Ranuncuhia) were found in the esophagus, 
while from the color of the small amount of fluid contents it was 
believed that green algjo might have been eaten. In the Maumee 
River the carp fed constantly and largely upon whole wheat that had 
been lost in the river a season or two previous in a grain elevator fire. 
From the foregoing it appears that a large proportion of the mate- 
rial found by dissection in the alimentary tracts of carp was of vege- 
table origin. Since this material is eaten in sucli quantities and is 
digested in its course through the fish, as is shown by observation, the 
natural supposition is that it serves as foo<l. And such is the opinion 
of most writers on the subject. Nicklas (1884), however, who discusses 
at much length the question of tlie proper food for the ''artificial 
feeding " of carp, arrives at a different conclusion. It is his theory 
that these fijsh should be fed on materials especially rich in nitrogen- 
ous compounds, and in this connection he says (pp. 1011, 1012): 

I have started my theory from the fact, which I know from actual expetrience, that 
the food of the carp is principally animal and not vegetable matter, and I find that 
in this I agree with mofit of the practical pisciculturists; but I differ from the views 
of Professor Nawratil (Oesterreichisch-Ungarische Fischerei-Zeitung, 1880, Xo. 35) 
when he asserts that carp, from their third year, live principally on fresh and decay- 
ing vegetable matter. This is contradicted by the experience that they are easily 
raised in ponds which contain but few plants, and by the circumstance that, if aquatic 
plants formed the exclusive, or even principal food of carp, vegetation would, in some 
ponds, be utterly destroyed in a few days after they had been stockeil with carp, or 
at any rate in a couple of years, as carp are j)arti('ularly fond of young shoots, which, 
by the way, show a pretty close proportion of nutritive matter [to animal food?]. 
Such an occurrence, however, I have never yet been able to ol3ser\'e, nor has it been 
observed by any other pond-culturist; w^hilst, on the other hand, it has frequently 
been observed that in carp-ponds vegetation becomes so rank and luxuriant that it 
has to be checked. As long as decaying vegetable matter has not been examined as 
to the quantity of nutritive substances contained in it, no opinion can be formed as 
to its suitableness for carp food. 

My own observations have taught that the carp only takes to vegetable food when 
absolutely no animal fot>d can be procured. I have not yet been able to ascertain 
whether the carp actually eats and digests decaying vegetable matter, Ix^cause all I 
have so far been able to observe has been that the carp often swallows such matter, 
but almost immediately ejects it again, perliajis after having devoured worms and 
insect? clinging to such matter. 

I can not help feeling that Nicklas's judgment is influenced by his 
theory. Although he may possibly bo right as to the kind of food 
that will be most economical in putting a given amount of flesh on a 
carp in a given tune, it nevertheless seems evident, as a mutter of fact, 
that caiT) do under natural conditions eat a large quantity of vegetable 
food. If Nicklas had examined the contents of the stomachs and 
intestines of the fish he observed, be might not have concluded that 
the}' ejected even all of the decaying vegetable matter that they ate. 
While it is not probable that the actually decaying vegetable matter 
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contains a great deal of nutritive material for the fish, this does not 
dismiss the whole question of vegetable food, as Nicklas implies; and 
while he says that carp can be raised in ponds which contain but few 
plants, being fed, I suppose, on animal food, on the other hand 1 have 
seen ponds in northern Ohio, where carp were retained from spring- 
to fall, which contained practically no natuml food at all, the water 
being supplied from artesian wells, and where the fish were fed 
exclusively on corn, barley, etc., and young "sowed corn,'' the plants 
being cut when 1 to 2 feet high and thrown into the pond. I am 
not prepared to say that these fish grew as rapidly as they would have 
if fed according to Nicklas's formulae. But this does not concern us 
here. The important point is that carp can live very largel}^ if not 
entirely, on vegetable materials, and that under natural conditions in 
our open waters plants and plant products form a very large share of 
their food. The bearings of thiij, from an economic standpoint, will 
be discussed later on, where will also be considered the question of the 
extent to which carp may be injurious to the spawn and young of 
other fish. 

Susta maintained that of its own choice carp would first select animal 
food, a contention in which he was supported by the observations of 
A. Fritsch in Prag and P2mil Walter in Trachenberg. Karl Knauthe 
pointed out that these investigators had used exclusively the highly 
cultivated races, to which belong the so called Galician and Bohemian 
carp. He himself extended the investigation by comparing as to 
intestinal contents examples of the old Silesian carp and a new race of 
it bred })y GrOger in Lauterbach with examples of the two quick- 
growing races mentioned above, using for the purpose fish of the same 
age. These fish, after each individual had been marked so that the 
four races could not be confused, were placed all in the same pool, 
which was rich in animal and vegetable food. In this way it was 
shown that the stomachs of the Galician and Bohemian carp w^ere 
generally filled with small Crustacea — chiefly Daphnhi and Cyclo2)s — 
as long as these were abundant, while insects and their Itirvas were 
second only, in about the proportion of 3 to 1. Plant food was present 
only as it was taken incidentallj' with the other. In the cultivated 
Silesian carp the proportion of animal to plant food was about the 
same. The old Silesian " Bauernkarpfen," however, contained a great 
preponderance of vegetable materials, such as alga?, diatoms, plant 
debris, and the seeds of higher plants, and only a few animals, mostly 
small Crustacea. As soon as the supply of lower animals in the pool 
was exhausted it became necessary for the Galician and Bohemian carp 
to adopt a vegetable diet as well. Moreover, Knauthe found the 
stomachs of these carp filled with a small species of pond snail which 
was abundant in the pool, and which both of the Silesian races spurned. 
From such and similar researches of Knauthe's it was shown that in 
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the spring the Silesian carp, though apparently well nourished, had 
reached a length of only 5 to 6 cm., while the Galician carp had grown 
to a length of 18 cm. The author answers the question. Wherein, 
under natural conditions, rests the ability for quick growth in fresh 
water fishes? by saying: "Partly, perhaps, in a better assimilation of 
the food, but mostly upon a better selection of the same. The richer 
this is in nitrogen, the greater, within certain limits, is its nutritive 
effect." (Zoologische Garten, Jahrgang 37, 1896, p. 345, 346.)« 

In order to determine the nature of the principal food of the carp 
in this country I have examined the alimentary tracts of a great many 
individuals. Many of these examinations were not made in detail, 
but only to determine the presence or absence of certain things, such 
as the eggs of other fishes. A list of the contents of stomachs and 
intestines of 33 carp, however, is given below. These examinations 
were made with more care than the rest,' but are for the most part 
only qualitative, the relative quantities of the various materials being 
given only in rough approximates. The cai-p were from several dif- 
ferent localities and a variety of conditions. The list is given in full 
because it is believed to be important to convey a very thorough knowl- 
edge of the nature of the food of the carp in our waters. 1 have never 
found large particles of food of any kind in the alimentar}^ tract, the 
largest being strips of vegetable epidermis perhaps an inch long, 
wings and other portions of insects, small snail shells, and the like. 
It is stated that carp can grind or " masticate" thin food to a certain 
extent with the flat, knob-like pharyngeal teeth, and probably this in 
part explains the fact that what is found in the stomach is usually so 
much broken up. Houghton (1879, p. 17) even maintains that ''por- 
tions of vegetable food are returned to the throat and remasticated by 
these pharyngeal grinders," though I know of no evidence in support 
of this hypothesis. The finely ground condition of the stomach con- 
tents leads to some wonderment among the fishermen, who are accus- 
tomed in other fish to find the food, such as smaller fish, swallowed 
whole, and one man alwaj^s insisted to me that carp " digest their food 
in their heads." 

1. Specimen from St. Clair Flats, June 30, 1901. Chara^ small 
amount; May fly (ephemerid) wings and broken fragments, consid- 
erable numbers; insect larvae, small; roots, decaying leaves, and epi- 
dermis C'bark") of aquatic plants, large amount; small shells and 
fragments: sand. All the Chara seemed to be packed in the small 
intestine. This was noticed in other cases, and seems to indicate that 
when the fish get among the Chara they eat a large amount of it. 

2. Specimen from St. Clair Flats, July 3, 1901. Rootlets and other 
vegetable matter, such as would be found in bottom mud; coleopter- 

aFor a more detailed discussion of the proccs.yes of digestion and a&similation in the carp, the 
reader is referred to a later paper by Knauthe (1808). 
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ous larva, small; algs?; fine shell fragments with fine sand or nxud^. 
forming a "grit/' 

3. Specimen from St. Clair Flats, July 13, 1901. Large mass of 
remains of Ephemerida, consisting for the most part of wings and of 
more or less broken up cercopods. (Fore wings 18 mm. long; one 
of the larger of the cercopods had 25 or 20 joints.) Very few other 
parts of the insects in evidence, except small opaque bodies with ellip- 
tical outlines, which were probably the eyes. The fact that the insects 
were adults would indicate that they were taken from the surface of 
the water either at the time of metamoi*phosing or when blown into the 
water lator.^ This one carp must have contained hundreds of these 
insects. Prof. K. 11. Pettit, entomologist at the Michigan Agricul- 
tural College, kindly examined the remains of these May flies (or 
'%June bugs'') for me, but was unable to determine the species from 
the material in hand. 

4. Specimen io cfn,^ long from North Bass Island, Lake Erie, July 
19, li>01. Clidra^ considerable; copepods and ostracods, numerous; 
Chlronomu^ larvte or related forms; fragments of shells (mostly quite 
small), considerable; plant fibers. 

5. Specimen 27 cm, long from North Bass Island, Lake Erie, July 
19, 190L Mass of food quite well digested. Much filamentous algae 
{Sj)irogyra recognized) and diatoms. 

6. Specimen 55.5 cm. long from Put-in Bay, July 27, 1901. Chara^ 
bulk of material, packing intestine full in places, mostly in small 
pieces less than 1 cm. long; May-fly larvte, 1 to li cm. long, large 
numbers; shells, broken pieces, and small bivalves 2 to 4 mm. long, 
entire ; Chara and considerable other vegetable matter, some of it 
probably PhUotrla; mud, fine debris, evidently bottom sediment. 

7. Specimen 33 an. long from Put-in Bay, July 27, 1901. Cliara^ 
mass of the material as in No. 6 ; amphijx)ds, a numter of small 
JLjalldaAWiQ. individuals; broken shells, a very little; A'egetable matter, 
a little besides Chara. 

8. Specimen 38,5 cm. long from Portage River, about 3 miles above 
Port Clinton, August 0, 1901. About 90 to 100 c.c. of rather fine, 
dark material, composed almost entirely of finely divided vegetable 
matter. A few filamentous algte, 

9. Specimen 50.5 cm. long from Portage River, as above, August 
6, 1901. A considerable quantity of blackish "mud", vegetable 
fragments, pieces of stem, etc., the principal constituent; one pulpy 
mass, apparently an unopened bud of some kind, possibly "lotus" 
{Nelumho) or water-lily; insect larvoe, occasional, head only recc^- 
nizable. 

a On Lake Kric I huvo soon windrows of the cn,*Jt pnpa cases of ophemerids heingr drifted about by 
the wind, and extending i\n far as the eye could follow them. If cari> could have pot among these at 
the time the inHOctM were leaving they would have had abundance of food for ft time. 

&Len(fth of fish if in italics means total lengtli— i. c., tip of snout to end of caudal fin; if in Roman 
•^vpe it is the length from tip of snout to base of caudal fin at middle. 
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10. Specimen 33 cm. long from Portage lliver, as above, August 6, 
1901. Some 20 to 30 c.c. dark mud-like material, consisting mostly 
of plant fibers, fragments of stems, etc. ; one young shoot (apparently 
of grass) about 18 mm. long. 

11. Specimen 30 cm. long from Portage lliver, as above, August 6, 
1901. Small amount of material of the appearance of fine mud; under 
the microscope seen to consist for the most part of finely divided veg- 
etable matter and some filamentous algge. 

12. Specimen 47 cm. long from Portage River, as above, August 6, 
1901. About 150 c.c. of material composed for the most part of veg- 
etable matter — short pieces of stem, etc. ; some pulp}' vegetable matter, 
probably roots or bulbs of some aquatic plant; insect larvae, occa- 
sional fragments. 

13. Specimen 30 cm. long from Portage River, as above, August 0, 
1901. Six to 8 c.c. of very fine material resembling mud in appearance, 
almost entirely composed of vegetable matter; vegetable fibers and 
some filamentous algse recognized. 

14. Specimen 44 cm. long from Portage River, as above, August 6, 
1901. Only 2 to 3 c.c. of fine ''mud'', consisting of plant fibers, 
fragments of stems, etc. 

15. Specimen 30 cm. long from Portage River, as above, August 0, 
1901. Ninety to 100 c.c. of rather coarse dark material, mostly plant 
fibers and fragments; some pieces of leaves or stems 1 inch long, but 
most are smaller. 

10. Specimen 32 cm. long from Portage River, as above, August 0, 
1901. Small amount of verj^fine material. Most that is recognizable 
is portions of plant tissues — largely fibrous parts, and what appear 
to be the glumes of grasses. 

17. Specimens 39 cm. long from Portage River, as above, August 0, 
1901. Fifteen to 20 c.c. of dark gra3'ish, almost black material, 
almost entirely compose<l of vegetable fragments. 

18. Specimen 38 cm. long from Portage River, as above, August 0, 
1901. Small amount of dark muddy material, mostly plant fibers and 
small pieces of other plant tissues; considerable filamentous algae; 
insect larvai (dipterous?), occasional. 

19. Specimen 37 cm. long fr<mi Portage River, as above, August 
0, 1901. Some 20 to 40 c.c. of fine, dark mud-like material consisting 
of vegetable fibers, fragments of stems, leaves, etc. Very little 
material in which vegetable cells could not be made out. 

20. Specimen 34.5 cm. long from Portage River, as above, August 
0, 1901. Fine material consisting mostly of filamentous algai and 
parth' digested tissues of other plants. 

21. Specimen from "The Straits," 1 mile east of Cedar Point near 
Maumee Bay, August 12, 1901. Plants, pieces of stems, eU\, con- 
siderable; algai (filamentous), considerable; maxilhe of insects (^), 
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comparatively few; insect larvn?, few; diatoms; Vorticellte; gastro- 
pods (?), few small fragments; much flocculent d6bris with small frag- 
ments of many kinds in it. 

22. Specimen from Port Clinton, Ohio (from gill-nets in Lake Erie), 
November 16, 1901. Shell fragments, many, some of them 3 to J: 
mm. in diameter; insect larva?, fragments, caddis-fly (?) and some 
chironomid ( ?). 

23. Specimen from Port Clinton (from Lake Erie), November 18, 
1901. Shells, few small fragments; larvae of caddis-fly (?), heads and 
other fragment?^; most of the mass of material appears to be made up 
of the nearly digested bodies of these larvae. White-fish egg, one. 

24r. Specimen from Port Clinton (from Lake Erie), November 18, 
1901. White-fish egg, one; larvae of caddis-fly (?); cntomostraca, 
mostly fragments; much of the material unrecognizable. 

25. Specimen from Port Clinton (from Lake Erie), November 18, 
1901. Shells, few fragments; algae, few; apparently also other vege- 
table remains very finelj^ divided; larvae or worms of some kind, 
fragments; bulk of material unrecognizable. 

26. Specimen from Port Clinton (from Lake Erie), November 19, 
1901. Mostly fragments of Chlrouomus (?) larvje. 

27. Specimen from Port Clinton (from Lake Erie), November 19, 
1901. Many remains of chironomid ( ?) larvae (same as No. 26), much 
broken up; bulk of material unrecognizable. 

28. Specimen from Port Clinton (from Lake Erie), November 19, 
1901. Only small amount, about 2 c. c, in intestine; shell fragments; 
filamentous algae; cntomostraca, fragments, largely ostracods; caddis- 
fly (?) larvae, much digested. 

29. Specimen from North Bass^ Island (Lake Erie), November 27, 
1901. Shells, 2 to 5 mm. in diameter, and shell fragments; ostracods, 
numerous, fragments of cntomostraca in general. 

30. Specimen from North Bass Island (Lake Erie), November 27, 
1901. Shell fragments; cntomostraca, fragments; insect larv», cad- 
dis-fly (?), fragments. 

31. Specimen from North Bass Island (Lake Erie), November 27, 
1901. Shell fragments, nearly one-half of material; ostracods, few; 
insect larvae, caddis-fly (?), fragments; white-fish egg, one, 

32. Specimen from North Bass Island (Lake Erie), November 27, 
1901. Only a small amount of fine material, composed mostly of 
ostracods, Cladocera (?), and copepods, mostly fragments, some almost 
entire. 

33. Specimen Jf6,J!f, cm. long from Port Clinton (seined in Lake Erie), 
August 31, 1902. Principal material appears to be seeds of some sedge; 
aside from these the mass is largely fragments of plants and unrecpg- 
nizable ddbris. 

As to whether the fish were wont to feed most at any particular 
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time of day, 1 obtained no very satisfactory data. Neither did I find 
any other conditions which seemed re^larly to influence their feed- 
ing. It is stated b}^ some authors — and I have some evidence to bear 
them out — that carp feed especially in the early morning and late in 
the afternoon. But I have frequently found them feeding at all other 
times of day, even in the hot midday sun of summer. This much 
seems to be true, however, that they are usually more quiet in the 
middle of the day; one does not hear them splashing about so often. 
In the late summer, the fishermen tell me, the carp in Lake Erie, at 
least, feed mostly at night. As to the time of year, Seeley (1886, 
p. 97) says, ''Like many other fishes, it feeds most frequently before 
the spawning season." In Europe they are said not to eat at all during 
the winter months. In this country I have reason to know that they 
do, to some extent, at least. 

BREEDING HABITS, 

, In Europe the cai-p is said to spawn principally in May and June, 
though in some cases the process extends several weeks longer. As 
well as I can ascertain, the same statement holds for the northern 
United States. In our Southern States and California spawning is 
apparently earlier, often beginning in April. In the waters contigu- 
ous to Lake Erie the height of the spawning season seems to be in the 
latter part of May and early June. On the St. Clair Flats I believe 
it is usually a little later on account of the lower temperature of the 
water, which comes directly down from Lake Huron. This tempera- 
ture difference affects the time of spawning of the bass, dog-fish {Amla)^ 
and other shallow-water spawners as well, for I have found the eggs of 
these fish at the Flats when the season for them was entirelj' past in 
the interior lakes and rivers of the state. 

The age at which carp spawn also depends largely upon the tempera- 
ture. European authors state that they reach maturity in the waters 
of temperate Europe when they are 3 years of age, and the same 
probably holds true in general for the corresponding region in North 
America, though apparently' they sometimes spawn, at least in the lati- 
tude of New Jcrse\', when the}^ are only 2 ycars.old (cf . statement of 
John H. Brakeley, Bordentown, N. J., Smiley, 1886, p. 757). Judging 
from other statements quoted in the same report, they commonly breed 
at the age of 2 years in the South (where they do not hibernate in the 
winter), and according to Mr. Poppe, of California (Poppe, 1880, p. 
661), his fish spawned when they were only 9 months old. At the 
time of first spawning the fish will usually weigh 3 or 4: pounds and 
have a length of 15 to 18 inches. 

At the spawning season, but before the fish have spawned, the 
females can usually be readily distinguished by their distended condi- 
tion. Though the ova themselves are rather small, the number is 
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very large, and the reproductive capacity of a carp increases greatly 
for the next year or two after it begins to spawn. According to 
Hessel (1881, p. 871) a female weighing 4 to 5 pounds will contain on 
an average 400.000 to 500,000 ova. Day (1880-1884, p, 161) quotes 
other estimates, thus: A female of 9 pounds had 600,000 eggs (Blocb); 
one of IGf pounds had 101,200, one of 25i pounds 203,109 (Harmer); 
one of 21i pounds had 1,310,750, and one of 10^ pounds had 2,059,750 
(Bucklaud). 

In the cjise of a female mirror carp from Sandusky Bay, which I 
weighed at Port Clinton June 22, 1903, I found that the ova com- 
prised more than a fourth of the total weight of the fish. The fisii 
before being opened weighed 17 pounds; after the removal of the ova 
with as little loss of blood as possible, the weight was 12 pounds 6 
ounces, leaving 4 pounds 10 ounces as the weight of the ova. This is 
27 per cent of the entire weight of the fish and 37 per cent (over a 
third) of the weight of the remainder of the fish after the ova had 
been removed." 

This enormous fecundity is undoubtedly an adaptation to compen- 
sate for the dangers of the exposed condition in which the eggs ai'e 
left after being laid, since they are merely scattered about on the 
vegetation iu shallow water and are given no further care or attention 
by^ either of the parent fish. It ma\' also help to explain the remark- 
able increase in numbers of the carp in our waters in a ver\^ short 
time, for if we suppose that the ordinary enemies of the eggs were not 
in the habit of searching for food iu the kind of locality utilized by 
the carp for spawning, or at least were not present in large numbers, it 
is easy to see what an advantage this would give the carp, especially 
if the conditions were favorable to its growth in other respects. 
Furthermore, it would not be at all surprising if, as has been known 
to have happened in other cases, the increase iu the quantity of food 
furnished by the abundant supply of carp eggs would favor the cor- 
responding increase of some other fish or other animal which finds the 
eggs good eating. Or possibly, even, some form which has previouslj^ 
lived on other food may adjust its habits to tlie new conditions, and 
come to prey largely upon the spawn of the carp. It will rather be 
surprising if something of the kind docs not happen, for in their 
struggle for sustenance nature's creatures are no respecters of person 
nor property, and it would be an unusual thing for a rich supply of 
food to be lying around long w ithout some of them appropriating 
it. When this does occur, the phenomenal increase of the carp will 
undoubtedly be checked and the natural balance will again be approxi- 
mated. One thing that militates against this in the case of the 



aDiiy (1HSO-18S4, p. If.l) snys that continued cold weather may prevent carp from fipawninfr, so 
that the process muy Inst over several woek-s or month'', wliile eome fish may retiiin the ova, thoH 
oorasinniiig disease. Hean {um, p. IfiO) mentions that confinement of gravid females in a small 
tank may also cause them to retain the vtKSS, and he speaks of two fwh that died from tills cause. 
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carp and greatly reduces the danger is the short time required for 
the development of the eggs and the rapid growth of the young fish, 
which quickly takes fhem beyond the stage where they can be preyed 
upon by any but the larger of their enemies. 

The general manner of the breeding of the carp is well know^n, but, 
so far as I am aware, the exact method has never been studied in all its 
details. This I found an exceedingly difficult thing to do in the open 
waters, where the opportunity to observe the proceeding is very 
largely a matter of chance. It is not so hard to find places where the 
fish are spawning, but the difficulty comes in getting close enough at 
the right time to see what takes place, and to have the water clear 
enough to see into when once close. These conditions I have never 
had the good fortune to have fulfilled, largeW because the greater part 
of my work in the field has been after the spawning season of the carp 
was past. It is stated by many writers that at the time of spawning 
carp are so fearless, or at least so oblivious, that a person may approach 
very close to them and that the}" may then be easily captured (Hessel, 
1881, p. 872). But I have always found even the breeding fish very 
shj'. The place to make a careful stud}" of the breeding habits would 
undoubtedly be in a moderat-ely small pond, where the fish are con- 
fined to a limited area, and where the}" have l)ecome more or less accus- 
tomed to the presence of people in the vicinity. In the following 
description 1 shall rely for the most part upon my own observations, 
amplifying them where I can with the observations of others. 

As is the case W"ith the feeding, I could not ascertain that the spawn- 
ing of the carp is confined to any particular time of day, though it 
apparently takes place more frequently in the morning hours. Hessel 
remarks that it is more frequent in warm than in windv and rainy 
weather, which agrees very well with my observations. At such times 
groups of fish may be seen swimming about at the surfac^e, usually 
close together in a compact mass. In the marshes along the Sandusky 
River, where the best of my observations were made, the fish were in 
shallow^ water, one to two feet deep, and pretty well grown up with 
aquatic grasses, sedges, and flags, but with numerous open places from 
a few feet to a few rods in diameter, where the vegetation was not so 
abundant. The bottom was fairly solid, being composed of the roots 
of the plants and much dead grass. In these open places especially 
the carp could be seen, usually swimming slowly about with their dor- 
sal fins and often a portion of the back projecting above the water. 
These also seemed to be the favorite places for depositing the spawn, 
though much is also deposited about among the thicker growth. 

The spawning carp would usually be seen in groups consisting of 
one larger fish in the lead and a number of smaller ones following 
closely behind, making sometimes a string of six or seven fish in line, 
as is shown in the first figure on the next page. It is probable that 
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the larger fish ahead was a female and the others males, though I was 
unable to capture any of them at the time in order to confirm my 
opinion. This agrees, however, with the statement of Hessel (1881, 
p. 872), who says: 

Two or three or more of the male fisli keep near tlie female; the latter swims more 
swiftly on a wann, sunny mornuig, keeping mostly close to the surface, followed by 
the males. 

The Germans call this '*streichen/' or running spawning. Other 
writers agree in this matter, so I shall speak of the larger fish as the 






Carp spawning. A female followed by a n amber of males. 

female and the smaller ones as males, for convenience in description. As 
thej' go along, the males each appear to be crowding and pushing in to get 
as near to the female as possible, those behind often seeming to nose 
under and displace the ones ahead of them. This often gives the appear- 
ance of more or less of a struggle, and is accompanied by consider- 
able splashing. After a time they come to rest, and four or five line 
up parallel to one another, as represented below, one or two males 

being each side of the female. 
The}' remain quietly in this way 
for a short time, perhaps one to 
two or three minutes, when one 
of them, presumably the female, 
starts forward and the others 
follow as before. While they 
are quiet, some of the fish of the 
group may not form in line with 
the others, but swim about in 
the vicinity, falling into line 
again as the procession move^ 
forward. 

I was unable to tell at wliat 
moment the actual spawning 
took place, though I observed that at times one of the males would 
work forward beside the female until they were swimming nearly side 
by side, when he would turn somewhat on his side and bring his ventral 
side close under the female. At such a time the bodv of the male 
usuallj- shook with a sort of quick vibrating movement (though this 
was not always observed to be the case), and it was then, too, that 
the most violent splashing of the water occurred. It is probably at 
this time that the eggs are laid and fertilized. Here again my 




Carp spawning. The fish at rest. 
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observations seem to agree with those of Hessel (op. cit.), who 

describes the process as follows: 

They lash the water in a lively way, twistinj? the posterior portion of the body 
energeticAlly, and shooting through the water near its surface with short, tremulous 
movements of the fins. They do so in groups of two or three males to one female 
fish, and forming an almost compactt mass. This is the moment when the female 
drops the eggs, which immediately are impregnated by the milter. 

To this he adds: 

As this process is repeated several times, the female drops probably only from 400 
to 500 eggs at a time, in order to gain resting time, so that it will require days and 
weeks before it has given up the last egg. 

Among the earliest observations on the spawning habits of the carp 

are undoubtedly those mentioned by Walton (1901 ed., p. 116), which 

are interesting on account of their curious mixture of more or less 

accurate observations and quaint ideas. Walton saj's: 

I told you that Sir Francis Bacon thinks that the Carp lives but ten years: but 
Janus Dubravins has writ a book Offtnh and fish-ponds in which he says, that Carps 
begin to spawn at the age of three years, and continue to do so till thirty: he says 
also, that in the time of their breeding, which is in summer, when the sun hath 
warmed both the earth and water, and so apted them also for generation, that then 
three or four male Carps will follow a female; and that then, she putting on a seem- 
ing coyness, they force her through weeds and flags, where she lets fall her eggs or 
spawn, which sticks fast to the weeds; and then they let fall their melt upon it, and 
80 it becomes in a short time to be a living fish : and, as I told you, it is thought that 
the Carp does this several months in the year; and most believe, that most fish 
breed after this manner, except the Yj^\. And it has been observed, that when the 
spawner has weakened herself by doing that natural office, that two or three melters 
have helped her from off the weeds, by l)earing her up on both sides, and guarding 
her into the deep. And you may note, that though this may seem a curiosity not 
worth observing, yet others have judged it worth their tin^e and costs to make glass 
hives, and order them in such a manner as to see how bees have bred and made 
their honeycombs, and how they have obeyed their king, and governed their com- 
monwealth. But it is thought that all Carps are not bred by generation; but that 
some breed other ways, as some Pikes do. 

It may be of interest to give one other account of the spawning, 
though it adds nothing in the way of accurate details. Nicklas (1886, 
p. 648) quotes the following from Horak: 

The female fish, or spawners, accompanied by the male fish, or milters, move rap- 
icily along the edges of the pond, or near the calm surface of the water. The actual 
])roi*ess of spawning generally takes place during the early part of the forenoon. I 
have taken careful observations of this process, and have invariably noticed that sev- 
eral milters always accompanied one female fish, and deposit their spawn, for not all 
females spawn, at the same time. Sometimes this accompanying degenerates into a 
regular chase which lasts until the act of propagation has been consummated. At 
the beginning of the spawning season the fish therefore gather in large shoals and 
move so close together as actually to touch each other. During warm, calm weather 
the spawning process is carried on at so lively a rate that the water is stjuirted 50 to 
86 cm. [20 to 34 inches] above the surface. 

In another place Nicklas (op. cit., p. 523) sa3\s that in the artificial 
propagation of carp the spawning ponds ''must contain some stones, 

F. C. 19(M— 37 
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and in some places aquatic plants, because the female fish like to rub 
against stones for the purpose of ridding themselves of the roe " — & 
statement that I know of no observations to support; it seems much 
more probable that the eggs are extruded entirely by muscular action 
while the fish are swimming about. 

In pond culture the breeding ponds are usually stocked with male 
and female fish in a definite proportion; the unit is technically called 
a "spawning party." Usage differs as to the relative number of each 
sex that is best for stocking a breeding pond, but it is customary to 
put in a larger number of females than males. It is usually planned 
that each "spawning party'" shall consist of one "milter" and two 
"spawners," or else two "milters" are provided for three "spawn- 
ers," while for each three milters is added one 3-year-old male fish, 
known as a "driver" or "enticer,'' which is "not used for spawning, 
but simply to drive or entice the other fish to that process." 

According to Hessel (1881, p. 872), the male carp at the breeding 
season assumes a secondary sexual character which is common to many 
members of the family at that time, namely, a various arrangement of 
"protuberances, like warts," which are generally known as "pearl 
organs." In the case of the carp these are said to occur on the skin 
of the head and back. I do not remember ever to have seen them on 
a carp myself, and have no mention of them in my notes. If they are 
regularly present in these positions they undoubtedly function as Pro- 
fessor Reighard has found they do in other Cy prinidee and some of the 
Catostomidse, in helping to hold the female at the time of spawning — 
observations which have not as yet been published in detail (abstract 
Keighard, 1904). The method of the carp would seem to be much like 
that of the sucker {Oatostomns canimersonit)^ where the two males lie 
one on each side of the female, holding her firmly between them with 
the help of the pearl organs along the sides and tail. 

Hessel also states that sometime before the spawning season seta in 
the pharyngeal teeth fall out and are renewed each year. On this 
point I have no observations. 

The eggs are not laid in bunches or masses, but are scattered about 
in the water, and, being adhesive, they become attached to the roots 
and stems of grass and other aquatic vegetation, or to whatever objects 
chance to cover the bottom where they are deposited. The fate of 
the egg probably depends to a large extent upon where it chances to 
become attached^ for should it fall into the mud there would be little 
chance for its further development. The eggs develop rapidly, but the 
time required for hatching depends very directly upon the temperature 
of the water. In temperate regions, under favorable conditions, they are 
said to hatch in about twelve days, though if the weather be so cold 
as to lower the temperature of the water it may take them sixteen or 
twenty days to reach their full development. In the warmer waters of 
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our Southern States the development is more rapid; in a pond in Geor- 
gia, when the temperature of the water was t>9^, the eggs are reported 
to have hatched in five to six days, w^hile the following year, with the 
water still warmer, the whole time consumed for development was but 
forty-eight to seventy- two hours (statement of H. H. Carey, M. D., 
Smiley, 1886, p. 687). The young fish also grow very rapidly and in 
the latitude of Lake Erie reach a length of 4 to 6 inches the first fall. 

DISEASES; PARASITES, AND ENEMIES OF THE CARP. 

The most remarkable fact in this connection seems to be that, 
although deformed and misshapen individuals are by no means rare, 
carp in the Great Lakes I'egion appear to be very strong and hardy 
and almost free from diseases, whether such as are due to parasites 
or to other causes. This fact impressed me especially while I was 
working with them in the fish houses on Lake Erie, where I had a 
good opportunity to compare them with large numbers of other lake 
ficsbes. One finds intestinal parasites in almost any of the other species 
in great abundance, but in large numbers of carp examined I have 
found parasites in the alimentary tract in only one case. This was a 
leather large fish, which had some 16 round worms, nearly chrome 
yellow in color and 2 to 2.5 cm. (four-fifths inch to 1 inch) long, hang- 
ing to the walls of the intestine. Their spiny probosces were buried 
in the intestinal wall in ti*ue acanthocephalous fashion, and it required 
a considerable pull to detach them. These specimens were referred 
to Mr. H. W. Graybill, who studied the parasites of many of the 
Lake Erie fishes in 1901. Mr. Graybill reports that these are a form 
closely related to Echinorhynchu^ proteits^ though he thinks they are 
possibly specifically distinct from that type. He further states that 
in 1901 he found in a carp a single dwarf specimen of the same worm. 

Excrescences of the integument, probably caused by sporozoa, are 
not infrequent on the wall-eyed pike (Stizostediofi), and were occa- 
sionally found on other species, but I did not observe them at all on 
carp. 

In one case I found a leech attached to the base of one of the pec- 
toral fins of a carp, but unfortunately the specimen was lost before it 
could be preserved, so that I have been unable to have it identified. 
The only Lake Erie fishes on which I observed leeches at all commonly 
were the lake lawyer {Zota maculosa) and some of the cat-fishes (espe- 
cially Ictalurus). 

There can be no doubt that the lampreys must also be considered 
among the external parasites of the carp, though I have never myself 
seen one attached toacaip. The fishermen told me that '' lamper eels" 
were '' common " up the Portage River, and I often found them among 
the fish brought to the wholesale house from both the river and the 
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lake. This was the so-called silvery lamprey, Ickthyomyzon ooncelor,^ 
1 inquired of the fishermen if they had ever seen the lamper eels 
attached to fish, and they said, '' yes;" to the inquiry as to the kind of 
fish the reply was, "carp." On the 10th of August, 1902, I was 
assisting in making a seine haul of cai*p in the Sandusky River when 
one of the fishermen noticed a lamper " about 5 inches long " attached 
to one of the fish; it became detached, however, and escaped through 
the net before I could get to the place to see it for myself. Prof. S. H. 
Grage tells me that in his aquaria at Cornell University the young of 
the Cayuga Lake lamprey {Petromyzon marmiuf ntiUvlor) have become 
attached to carp as soon as they were transformed from the larval stage 
and had left the sand. As carp are abundant in Cayuga Lake, as well 
as most of the other lakes in which this lamprey occurs, it seems very 
probable that during its free-swimming life the latter may be one of 
the important enemies of the carp, as it has been found to be of many 
other fish (Surface, 1898). In fact, Surface (p. 212) includes carp 
among those fish he has found dead with the marks of the lamprey on 
them. 

Finally, under unfavorable conditions carp, like other fish, are sus> 
ceptible to the attacks of fungus growths. So long as the water is 
pure there seems to be little danger of this, for I have seen carp that 
had been penned for long times whose heads were much bruised and 
abraded, but which were free from fungus. On the other hand, some 
young fish which I attempted to keep in an aquarium at Ann Arbor 
were soon attacked by a Saprolegnia^ and I was unable to keep 
them alive for more than a few weeks on that account. The usual 
treatment with potassium permanganate and by immersing the fish 
for a short time in strong brine afforded only temporary relief. 
Smiley (1886, p. 764) gives the following with regard to carp attacked 
by fungus: 

Statemerd of B. E, B, Kennedy, Omahay Douglas (bounty, Nebr., April 14, 188S, 

Fungus.— ^On visiting our fisheries yesterday I find that many of the young carp 
are affected with a kind of parasite or fungus, which proves &,tal. With some it 
appears on the back, some will have a strip nearly around the body, and some about 
the fins and tail. This fun^s is easily removed, and the skin or fiesh under it has 
the appearance as if the spot had been blistered. Several hundred have already 
died, and many more are similarly situated, and, unless there is some remedy 
administered, all will be likely to die. We have separated the affected ones from 
the others, hoping to stay the spread of the disease, if it is one. Those that show no 
fungus appear all right and take food readily. 

Note by Professor Baird on fungus. — When the carp are taken from their 
winter quarters for our spring shipments there seems to be a general tendency to the 
development of the fungus. It is probably due to the abrasions produced in handling, 



a In color these specimens agreed more closely with the description of Ichthyomyton eostaneu* 
Girard. 
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the development of fungiiH taking place in consequence of the emaciated condition 
of the fish after wintering. We do not find this diseased condition in the fish taken 
out of the ponds for the fall and winter shipments. 

I am at a loss what remedy to suggest. It is possible that you may be able to 
destroy it by immersing the fish for a few seconds in a brine, of course allowing them 
to remain but a short time, and repeating the bath several times at intervals suffi- 
cient to allow the fish to recuperate from the shock of the operation. 

According to European writers the carp in Europe apparently does 

not enjoy the wonderful immunity from parasites and from diseases 

that it does in our waters. A few quotations will suffice to make this 

clear. Seeley (1886, p. 98) says that in nature the carp lives 12 to 14 

years, but survives much longer in confinement, though "subject to 

many sicknesses, deformities, and wonderful variations." Veckenstedt 

(1880, p. 673) remarks that diseases occur mostly to young caip; 

"polypes render the fish unfit for its full development; tape-worms 

constrict its intestines, make it lean, and finally kill it; lice torment it, 

and produce dropsy." And on this subject Day (1880-1884, p. 162) 

writes: 

[It] is subject externally to fungoid growths, especially old carp; also the same 
mosslike appearance occasionally attack young fish which reside in foul or snow 
water, as well as blindness, epidemic fevers, visceral obstructions due to over-gorging 
on chickweed, ulcerations of the liver, malignant pustules under the scales tinned 
small-pox by fishermen, carbuncles, and intestinal worms. 

This difference on the two continents is probably in large part due 
to the fact that the carp described by the European writers were 
mostly fish whose ancestors for generations back were pond-raised 
fish, and which, owing to their long domestication, were more sus- 
ceptible to the attacks of parasites and disease. These authors do not 
state what is the condition in the fish of the open waters of Europe in 
comparison with those reared in ponds, except Seeley's statement that 
carp kept in confinement are more subject to "sicknesses, deformities, 
and wonderful variations." Neither do we know the condition in this 
respect of those fish imported to the United States; hence it is difficult 
to say whether the apparently almost complete immunity of the Lake 
Erie carp is due to the fact that the fish originally brought to this 
countr\' were practically free from parasites, so that few have been 
handed on to their descendants, whether it is due simply to the free, 
active life of the fish, or whether there is something peculiarly favor- 
able to the fish in the conditions of our waters. The last seems to me 
likely to be the most important factor — that the conditions which have 
allowed such a phenomenal increase in the numbers of the fish have 
produced a hardy strain which is more than ordinarily resistant to the 
diseases that normally attack the species. 

Professor Prince, commissioner of fisheries in Canada, makes special 
point against the carp on the ground of its susceptibility to diseases 
and parasites, and in a paper in which he strongly urges Canadians 
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not to undertake its culture he has the following to say on this subject 
(Prince, 1897, p. 35): 

German carp are especially subject to parasites and contagious diseases. From 
their omnivorous and lethargic habits no fish are so readily attacked by diseases and 
parasites as carp. The ''fish leprosy/' described by Blake as a fungoid growth 
which spreads over the whole skin, turning the fish white and rendering it most 
unhealthy and a source of disease to all other fish, is essentially a disease of tl^e 
German carp. Frank Buckland studied some of the diseases of these fish, and 
among others enumerated one malady which he called small-pox in the <^arp.« 

Tapeworms and other disgusting endo-parasites occur most plentifully in carp. 
One described by Harrington Keene taken from a carp of 16 pounds weight meas- 
ured no less than 45 feet in length. Of all fresh water fishes the German carp are 
the most subject to external and internal diseases. This is, in fiact, unavoidable in 
a family like the carps, with sluggish habits, a fondness for coarse and loathsome 
food, and a preference for muddy and almost tepid waters. 

If any of the above is from Professor Prince's own obsenratioos 1 
feel quite certain that he can not, at all events, have made them in 
this country. And if the German carp in Europe has been found to 
be subject to a number of diseases and parasites, it must be remem* 
bered that this is a subject upon which comparatively little is known 
in general, and that the carp, being a cultivated fish, has afforded 
oppoftunity for close study which most others have not. Certain it 
is that some of the fungus diseases to which he applies such awful 
names will attack almost any fish or other water animal under condi- 
tions unfavorable to the latter, and especially if there happen to be 
any abrasions of the integument. The carp's hardiness in this respect 
is one of its chief characters, allowing of its cultivation in ponds and 
small enclosures, conditions under which many of our native fish 
would succumb to fungus and other diseases in a short time. Then, 
too, contagious diseases, strictly speaking, are, according to present 
knowledge, extremely rare among fish, and I am not aware that any 
has yet been found which attacks the carp. The whole tone of Pro- 
fessor Prince's paper leads us to suspect that if he were studying a 
fish malady he would call it by some such name as smallpox in carj), 
whatever title he might use to designate it in other species. - 

It remains now to consider certain enemies which menace the fish, 
especially those which may attack them while they are in the ponds. 
These are in reality very few in such ponds as are in use in this coun- 
try, since the impounded fish are all adults, and the adult carp has 
comparatively few serious natural enemies. With the young fish it is 
different, and the regular carp culturist has, of course, to deal with all 
these factors. The eggs are exposed to a great number of dangers, and 
especially are they open to the attacks of minnows and other small 



a The disease here referred to is apparently due to one of the Myzosporidia called by Hofer (1896, 
1896a, 18966) MyM>bolu8 cyprini. This appears to be not uucommon in European carp ponds, but I am 
not aware of Its ever having been reported on the carp in this country. I have not had opportanity 
to examine the recent handbook of fish diaeaws by Hofer (1904). 
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fish. It is a common statement, too, in books on the subject, that 
frogs are very destructive to the spawn and even to the young fish.* 
Walton (1901 ed., p. 115) even believes that frogs sometimes attack 
the adult carp, and after speaking of the mysterious disappearance of 
carp from ponds, relates the following curious story in defense of his 
belief:* 

And the like I have known of one that had ahnost watched the pond, and, at a 
like distance of time, at the fishing of a pond, found, of seventy or eighty large Carps, 
not above five or six; and that he had forborne longer to fish the said pond, but that 
he saw, in a hot day in summer, a large Carp swim near the top of the water with a 
frog upon his head; and that he, upon that occasion, caused his pond to be let dry: 
and I say, of seventy or eighty Carps, only found five or six in the said pond, and 
those very sick and lean, and with every one a frog sticking so fast on the head of the 
said Carps, that the frog would not be got off without extreme force or killing. And 
the gentleman that did affirm this to me, told me he saw it; and did declare his 
belief to be, and I also believe the same, that he thought the other Carps, that were 
so strangely lost, were also killed by the frogs, and then devoured. 

And a person of honour, now living in Worcestershii'e, ^ assured me he had seen a 
necklace, or collar of tadpoles, hang like a chain or necklace of beads about a Pike's 
neck, and to kill him: Whether it were for meat or malice, must be, to me, a question.* 

Among the other enemies to the young may be mentioned all the 
larger carnivorous fishes, turtles, water snakes, certain aquatic birds, 
especially the herons, and a few of the fish -eating mammals. Of the 
mammals, the only one that has to be especially guarded against in 
the ponds of this region is the muskrat, and that not because of any 
harm it does directly to the fish, but from the fact that it burrows 
through the embankments, causing leaks which may seriously lower 
the water level before discovered, and weaken the embankments 
themselves. Undoubtedly there must also be included among the 
enemies to the fish certain waterbugs, such as Belostoma (commonly 
known as the " electric-light bug") and Ranatra, An account of the 
i"avages of these insects is given by Dimmock (1887), who quotes (page 
60) the following letter, dated December 16, 1886, from Mr. E. A. 
Bnickett, of Winchester, Mass. chairman of the Commission of Inland 
Fisheries of Massachusetts: 

In Octol)er lant, while drawing off the carp-pond, the water became very roily, 
and I noticed several young carp moving on the surface, sidewise, evidently pro- 

a Miss Mary C. Dickereon, of the Rhode Island Normal School, who has had much experience in 
keeping and observing our native frogs, has kindly sent me the following opinion as to the extent to 
which the North American species of frogs might prove Injuriotis to flsh ponds: 

" Frogs would prove a menace to flsh ponds, i. e., if in large numbers and if they were the aquatic 
frogn. We have only one in the East that would do any damage, that is iS. caXeAiama^ our common 
bullfrog, although there is one other, R. damaia^ that will feed on fish to some extent if there is not 
a large supply of air and surface-water Insects. In the West It. pretiosa is wholly aquatic, i. e., it 
takes its food from under water. All of our other frogs (some 9 kinds) would be quite harmless. 
They spend very little of their time in the water and do not take food from below the surface. My 
conclusions are from several years of laboratory feeding experiments." 

bin a paper which has appeared while the present report was in press Gill (1905, pp.208, 209) quotes 
from other observations, which lend further credence to the belief that frogs, and toads as well, 
under the influence of sexual excitement, may attach themselves to flsh in the manner described. 

r •• Mr. Fr. Ru." [Walton's original footnote.] 

rfDay (1880-1884, p. 162) quotes another and similar case from Pennant. 
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pelled by some external force. With a <lip-net I took these young fish out, and 
found that in every case they were firmly held by a water-bug. The fish were dea<i, 
and the bugs apparently had been feeiling on them. I had no means of determining 
how many of these bugs were in the pond. 

Dimmock gives several references to literature on the same subject, 
and in the report of the United States Fish Commission for 18J^4 
(1SJ)(>, page 36) it is stated that carp in the ponds at Washington suf- 
fered from attacks of Notoitecta and Nepa, As has been said, how- 
ever, there is little to be feared from natural enemies in the temporary 
ponds and pens as they are conducted in this country, the greater 
dangers arising from impurity of water and other physical conditions. 

ECONOMIC RELATIONS OF THE CARP. 

Under this heading it is proposed to consider the relation of carp to 
aquatic vegetation, and to other iish and their spawn, as well as the 
secondary questions arising from these. The discussion is, for the 
most part, an examination of the numerous charges that have been 
made against the fish as to the damage it does, and in this respect is 
distinct from the succeeding chapter, which discusses the uses to 
which carp are and may be put. In Europe the mass of the literature 
on carp relates to its culture, but in this countr}' it is safe to saj* that 
more has been written on the present subject than on all the ottiers 
together. It has occupied our newspapers, our periodicals, and our 
scientific proceedings. Although so much has been written and said, 
however, this is nevertheless the subject on which perhaps the least is 
definitely known; the latter fact is probably an explanation of the for- 
mer. Many extravagant statements have been made on the one hand 
as to the value of the carp, while on the other the English language 
has been searched to find words jtrong enough for its condemnation. 

This state of affairs has, I believe, a very simple explanation. When 
the fish was introduced, the impression became prevalent that if one 
obtained a few carp, dumped them into any hole containing a little 
water which he chanced to have or could construct on his land, with- 
out further care he would always have a bountiful supply of excellent 
fresh fish. As recenth' expressed at a meeting of the American Fish- 
eries Society, ''almost every farmer had a carp pond in his front yard, 
back yard, or barnyard, or somewhere." These expectations were far 
in excess of what was ever claimed for the carp by its introducei's, 
and it is little wonder that the people were disappointed. As it was 
seen that the ponds did not yield the phenomenal results expected, and 
as the novelty wore off, they were left neglected and uncared for, so 
that within a short time, through the agency of freshets and the under- 
mining of embankments, the fish had gone to help stock the public 
waters in all parts of the country. For a time after this, comparatively 
little was heard of them, except that in local lists of fishes they grad- 
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ually began to be included as becoming common. But in many local- 
ities in recent years there has been an alarming decrease in the number 
of waterfowl, game fishes, and in many cases commercial fishes as 
well, and gradually the blame for much of this has been shifted upon 
the carp, which in the meantime has become the most abundant fish in 
some localities. Whether the blame was rightfully placed or not, 
remains to be seen. The game and food tinhes seemed to be decreas- 
ing, the carp were undoubtedly increasing, and to many minds the 
inference was plain. It is a curious fact that those who are most con- 
cerned in the decrease of the fish and game are often the la^t to see 
that they themselves might in a measure be the cause. They are look- 
ing elsewhere for the explanation, and when a possible factor presents 
itself it is at once seized upon and made to bear the brunt of the whole 
charge. This is the point that I wish to emphasize here — that most 
of the statements that have been made as to the damage done by carp 
have been based upon very insufficient evidence; if founded upon 
direct observations at all, they were, observations that, if not inaccu- 
rate, were at least inadequate. At best the evidence has been circum- 
stantial, while on the other hand the defense has been either simply 
negative, or iii places the attempt has been made to vindicate the carp 
on the grounds of its usefulness. 

The denunciations of the carp have been so numerous, and in many 
respects so similar, that only a few quotations need be given to show 
their tenor. The specific charges based on direct evidence, so far as 
I have been able to find them, will be dealt with in more detail. What 
I shall attempt to do is to sift the evidence in as careful and impai*tial 
a manner as possible, adding to it what 1 have myself been able to 
learn in the prosecution of my studies on the subject. The best 
recommendation I can bring forward for myself as a juror in the case 
is that I approached the subject with little knowledge of the particular 
question, and, consequently, ''unprejudiced and without previously 
formed opinions." 

It should be borne in mind that direct observations bearing on the 
various phases of the question as to the damage done by a fish like the 
carp are very difficult to make, and are in most cases largely matters 
of chance, while at the least they require a great amount of time. Take 
for example the relation of the carp to the black bass. The question 
is often asked, ''Will a carp drive a black bass from its nest and 
devour the spawn?" If a person by chance happens to see the thing 
done, and is certain that he has interpreted his observations aright, 
there is the proof of the matter, and so it is settled. On the other 
hand, one might watch a bass nest for a long period — say, many hours 
each day — and never see a carp come near it, but one would still have 
no proof that it might not do so— his evidence would be only negative. 
To be sure, the longer the observation was continued the greater would 
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be the probabilities in favor of the barmlessneus of the carp; bat it 
seems to me that in most of these charges of destructiveness the burden 
of proof most rest with those that make the charges. If, however, in 
the case supposed above, the watcher should see a carp come near and 
be driven away by the boss, this would be good direct evidence in the 
carp's favor. All this serves to emphasize the importance of takings 
advantage of whatever opportunity chance may offer to throw light <m 
these questions. 

The principal charges that have been preferred against the carp have 
been enumerated in a preliminary statement of the present investiga- 
tion (U. S. Fish Commission Report, 1903, p, 129) as follows: 

( 1 ) That the carp thrashes about and stirs up the mud, 80 that the breeding grouads 
of other fish are spoiled; (2) that the carp roots up the yegetation, deBtroying the 
wild rioe, etc., and thus ruining good duck-shooting grounds; (3) that the carp eato 
the spawn of other fish; (4) that the carp eats the young of other fish; (5) that the 
carp is of no value as a food fish; (6) that the carp is of no value as a game fish. 

To the first of the above might be added the charge that in stirring 
up the mud of supply reservoirs of water that is used for drinking 
purposes the water is made unfit for use. The first four of the charges 
will be considered here, the fifth and sixth will be discussed in connec- 
tion with the food value and uses of the carp. 

BELATION OP THE CARP TO VEGETATION. 

The principal complaint against the carp on account of its destruc- 
tiveness to aquatic vegetation comes from sportsmen, especially the 
duck hunters. They are almost unanimous in their condemnation of 
the carp on this account^ but conversation with a number of them soon 
makes it apparent that while some are speaking from personal experi- 
ence, and the opinions given are their own, many are merely repeat- 
ing statements which they have heard, and which have become so 
stereotyped that they are easily recognizable to one who is investiga- 
ting the subject. It so happens that the St. Clair Flats, and more espe- 
cially the marshes bordering Lake Erie, are among the most famous 
duck-ahooting localities in the Middle West, so that in this connection 
I shall confine myself for the most part to inquiries made there. 

The most definite information I obtained as to the changes that have 
taken place in the aquatic vegetation in the last decade or so was near 
the mouth of the Sandusky River, where it opens into the bay of the 
same name. Mr. Fitzgerald, the keeper at the Winnows Point Club, 
who has lived in the region all his life, not only told me of the changes 
in the conditions as he could remember them, but allowed me to exam- 
ine the records of the club in further substantiation of his observations. 

It appears that the first carp were brought to that immediate vicinity 
in 1883 by D. W. Cross and Colonel Scovill, of Cleveland. A small 
pond was prepared near the clubhouse and, according to the records. 
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on May 20 was awaiting the arrival of the fish. These probably came 
soon after and were put into the pond on or before the morning of the 
21st, for on that day there was a severe storm, the pond was flooded 
and finally broke out at 2 p. m., and all the fish escaped. The lot con- 
sisted of 20 leather and 20 scale carp. Later a large lot of young carp 
were sent to the club and were liberated in the marshes by Mr. Fitz- 
gerald's father, and still noore were planted by a tug which went up 
the river, patting in carp at various places along the route. To-day 
these fish are extremely abundant in this locality, and have been so for 
a number of years. 

According to Mr. Fitzgerald's statement, coincident with the increase 
Ib the carp there has been a great decrease in the amount of wild celery 
( Valldsneria spiraHa) growing in the shallower waters. He says that 
formerly, in late summer, the strip of comparatively shallow water 
extending some iquarter to one-half mile from the clubhouse to the 
main channel of the river was thickly grown up with this plant. It^ 
leaves were so abundant, floating on the surface of the water, that it 
looked almost like a solid bank, and it was only with great difficulty 
that a boat could be paddled through it. To-day this stretch is open 
water; only here and there do a few lily pads come to the surface. 
Much the same thing had been told me the previous summer by a carp 
fisherman, who for many years has acted as guide for hunters in the 
region. He affirms that the marsh has changed greatly in the last few 
years, and believes it is due to the carp. He says the carp root up 
principally the wild celery ( Vallisiierm)^ wild rice {Zizmiid) and deer- 
tongue (probably meaning both Sag itt aria and Pontederia); and that 
the '' canvasback celery " ( Vallls)heria) has been largely cleared out. 

At the same time the duck shooting is said to have been rapidly on 
the decline. The canvasbacks {Aythya vallisnei'ia) and redheads 
{Aythya americana) especially have been growing scarcer and scarcer. 
The records of the Winnows Point Club, mentioned above, show a very 
marked falling off in the number of canvasbacks killed in about 1893, 
and conspicuously so in the numbers of both species in 1898-99. This 
is ascribed to the " absence of food." Since 1899-1900 not more than 
three or four canvasbacks have been killed by the members of the club 
each year. It is the custom now to sow wild-rice seed in the vicinity, 
but I do not know whether this has yet proved to be beneficial. 

In order to learn something of the conditions and the sentiment of 
the sportsmen in the western part of Michigan, where there are many 
famous duck marshes, I sent a circular letter to the postmasters at 
Muskegon, Grand Haven, Holland, Saugatuck, and South Haven, and 
in each case received a reply either from the postmaster himself or 
from some one to whom the letter had been referred by him. The 
verdict from Saugatuck, on the Kalamazoo River, accorded very closely 
with that from Lake Erie. Mr. Charles E. Bird wrote that they have 
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no wild celery, but do have much wild rice. Since the carp have been 
planted, however, this has been largely rooted out; **they dig it up 
like a drove of hogs, and have about spoiled the marshes for ducks/' 
Mr. C. J. Dregman, of Holland, writes that carp are abundant in 
the lake (Black) and river there, and adds: 

As to their deetractiveness to wild celery or otherwise I have no reliable informa- 
tion to give you. There is comparatively little wild celery here, and that which 
doeH grow here seems not to be affected from year to year. Conmion report has it, 
however, that carp are destractive to fish eggs and nests. 

Mr. George C. Monroe, of South Haven, does " not believe they 
cause any damage to plants along the river bank." At Muskegon, 
according to Mr. E. D. Magoon, ^'the marsh is full of channels and 
baj'ous, and these abound with carp." Wild celery, rice, and other 
duck food are found here, but he expresses no opinion as to the effect 
of the cai^p on these. 

Considerable valuable testimony on the question under discussion is 
given by Doctor Smith in his report on the acclimatization of fish in 
the Pacific States (Smith, 1896, pp. 393-403). Several cases are men- 
tioned where carp are reported as destroying the vegetation, most 
notable among which are observations made at what are known as the 
'*Suisun Marshes." Doctor Smith (p. 397) quotes a letter from Mr. 
Ramon E. Wilson, secretary' of the California Fish Commission, dated 
November 12, 1891, which states that certain portions of the marshes 
referred to above have been preserved by five shooting clubs for a 
period of ten yeai*s previously. The letter continues: 

Kach of these clubs has, from year to year, supplemented the natural and indigenous 
growth of vegetation by planting non-indigenous seeds and grasses, until about two 
years ago the ponds, ditches, and sloughs had so grown up with vegetable matter 
that upon the opening of the season it was almost impossible to push a boat through 
the dense grow^th. Last year, the season of 1890, it was discovered that a marked 
change had taken place. The cause was attributed to the winter, which was a rather 
nevere one, in that there were many overflows and freshets occasioned by heavy 
Htorms. This year the change in the respect mentioned was much greater. It was 
early reported in the spring that there was very little sign of vegetable growth in any 
of the ponds. Investigation followed, and it was found that fish in large numbers, 
ranging from a few inches in length to 15 pounds in weight, had invaded the grounds 
and taken entire possession of all the waters. These fish came, say, in May and 
remained until about the latter part of July — that is, the bulk, but many remained later. 
We are convinced that these great numbers came to spawn. About August this great 
school, if you can so call it, suddenly disappeared — that is, the larger ones and the 
majority of the whole. Their going was not unlike the grasshopper in effect on vege- 
tation — not a sign or remnant was left. The result is that to-day, where these saoie 
ponds have heretofore afforded unlimited food supply for surfat^e-feeding ducks in the 
early part of the season and a like supply of celery bulbs for the canvasbacks and 
redheads for the balance of the season, there is absolutely not a single sign of vegeta- 
tion. At the time mentioned I carefully examined the beds of the ponds and found 
them positively barren of vegetable matter. Notwithstanding the emigration, if it can 
be so called, of the larger fit«h, the waters are still alive with the same fish, ranging 
from 2 to 8 inches in length. These ponds, heretofore quite clear, are now nothing 
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more than mudboles. That this fish burrows in the mud there is no question. The 
beds of the waters are not unlike a sieve in appearance, with holes, round in form, 
ranging from one-half inch to 3 inches in diameter. The banks of the ponds and 
sloughs are quite like the bottoms. The fish have burrowed to the depth of a foot in 
many places, and it can be readily seen that it has been done for the purpose of get- 
ting at the roots of the vegetable growth. 

That the fish which caused these disturbances were carp Mr. Wilson 
determined by sending specimens to Dr. David S. Jordan. 

The testimony of Mr. John P. Babcock, at that time chief deputy 
of the California Fish Commission, is very similar. He is quoted 
a^ follows (Smith, 1896, p. 399): 

The carp have destroyed almost all the wild celery of the lower Sacramento and 
Suisun Marshes. They reach all the ponds during high water, and, as soon as celery 
comes up, they eat the shoots, and, in many of the best ponds on the shooting pre- 
serves, have taken roots and all of the celery. They have not destroyed the tule 
grass to any noticeable extent, if at all. The damage has been to the better grasses. 
Many of the clubs planted wild celery in 1S91, 1892, and 1893, but the carp destroyed 
it all, and it is claimed by observing men that the celery is entirely destroyed. The 
clubs resort every season to baiting their ponds with grain, and in these ponds the 
carp move in droves that W. P. Whittier tells me look like a tidal wave, as l^ey move 
from one side to the other. 

The most extravagant charge as to the damage done to vegetation by 
carp which I have seen is given by Prof. E. E. Prince, commissioner 
of fisheries for Canada, in a paper discussing ''The Place of Carp in 
Fish-culture " (Prince, 1897). He says (p. 33): 

In connection with tliis charge, a western United States paper tells of a rancher's 
visit to Portland, Oreg., to sue for damages he had sustained from the introduction 
of carp. He wished to find out whether he had recourse against the United States 
Fish Commission for the introduction of carp into the rivers of this section. He says 
these fish are destroying his meadows by eating his grass and grubbing up the roots. 
As the water overflows his meadow the carp follow it up in thousands, the small 
ones weighing about 3 pounds pushing their way up where the water is only 3 inches 
or so in depth aud clearing off all vegetation, so that when the water recedes he will 
have mud flats in the place of meadows. 

This statement appears the more credible, however, in view of some 
remarks made b}' Doctor Hutchinson, stationed at Portland, Oreg., in 
a letter discussing the value of the carp as an eradicator of the fluke 
disease of sheep. Doctor Hutchinson says (Stiles, 1902, p. 221): 

All the bottom lands of this river [the Columbia] are subject to annual overflow, 
and at this time the carp clean the meadows as thoroughly as a fire. Every spear 
of grass, up to the very water's edge, will be eaten by them. They also have a 
habit of rooting all around the edge of this overflow as it gradually recedes. 

Mr. Hessel, in reply to the letter from Mr. Wilson regarding the 
damage caused by carp in the Suisun Marshes (Smith, 1896, p. 400), 
states it as his opinion that the carp are in search of worms, Crustacea, 
larvse, etc., when they dig about the roots of the plants, and that the 
uprooting of the plants themselves is merely incidental. According 
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to him the aquatic vegetation in the Potomac River, has not been 
damaged by carp.» although these fish are abundant there. He says: 

The carp is very numerouB and prolific in the Potomac Biver. There are speci- 
mens from 20 to 30 pounds, but that they go for the water celery has not been noticed 
here as yet. Water celery grows in abundance in places where the river flovs 
slowly, especially about the so-called flats, but any injury to its growth, or a reduc- 
tion of its density, not to speak of its total destruction, has not been heard of, as far 
as I know, with two exceptions only, not attributable, however, to the carp, but to 
high water in the spring of 1882 and 1889, when every kind of vegetation was swept 
away by the floods, and consequently water celery disappeared from the river dar- 
ing the two years subsequent to those freshets. 

I must not forget to call your attention to the fact that turtles, too, are not averse to 
a meal of water celery. Frequently I have seen "red-bellies" and 'Wei low belliee '^ 
feasting in the denise growth of Potomac celery upon that plant. Another point: For 
years I have kept quite a number uf these species of turtles for ornamental purposes in 
a small pond about this station and fed them with water celery taken fresh from two 
ponds stocked with a great number of old and young carp, which never tooched the 
celery, thoogh it moat be admitted they did loosen the roots in their hunt for animal 
food. 

In conclusion, I reiterate that I am not familiar with the fauna of the Snison 
Marches, but my impression is that, npon closer investigation, there may perhaps be 
found additional causes for the disappearance of the water celery and other vegeta- 
tion therein, besides the undeservedly much-abused carp. 

Even if Mr. Hessel's contention that the uprooting of the plants is 
a secondary result as the carp is searching about in the mud for animal 
food should be found to be true, the nature of the damage done would 
be the same. It seems, however, from the facts brought forward in 
the discussion of the food of the carp, that we should not be too liasty 
in concluding that it is altogether for aninml matter that they dig up 
these plants; knowing as we do that they eat a large quantity of vege- 
table matter, it seems likely that they would take it whenever there is 
opportunity, so that in the case of the wild celery they probably eat 
the softer parts of the plant as well as the Crustacea, insect larvaa, etc., 
dug up in the mud. 

The fact that the wild celery in the Potomac was not being destroyed 
is a matter of more weight, but if the damage in other places is really 
perpetrated by the carp it merely goes to show that under certain con- 
ditions the fish does not harm the vegetation to a marked extent, while 
in other cases it does. This perhaps depends upon the relative abun- 
dance of other food. Furthermore, as Mr. Hessel suggests, there 
should be further investigation as to whether the carp is the sole factor 
in causing the i*apid disappearance of these water plants. It must be 
remembered that we know very little of the obscure ecological forces 
at work which may cause great changes in the aquatic flora of a region. 
Since these reports come from such widely separated areas, however, 
the factor which is causing the destruction must be a very general one. 
If the damage were confined to the (jueat Lakes basin, for instance, it 
might be expected that some general phenomenon, such as a gradual 
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lowering of the water level in the basin, might be the cause, though 
it is difficult to see how that particular factor, even if it could be 
proved to exist, would effect the vegetation as has been observed. It 
would be expected as the result of such a lowering that the different 
floral zones would not in most cases be destroyed, but would merely 
reestablish themselves a little farther out from the original shores. 
Since a similar decrease is being complained of in many parts of the 
country, however, and within comparatively only very recent years, 
we would expect to find the same cause in all cases, and would look 
for some new factor coincident with the trouble. The planting and 
afitonnding acclimatization and propagation of carp seems to have 
introduced such a factor. 

Then, too, there must be examined the more direct evidence against 
the carp. Vegetation has been rooted out of comparatively small 
ponds and reservoirs, where close observations could be made, and 
where apparently the only change in conditions that could acoount for 
it is the introduction of carp. And, finally, we know that these fish 
do root up many plants. In a pond where the carp were feeding in 
large numbers I have seen the surface of the water quite well cov- 
ered in places with the uprooted vegetation, among which were to be 
seen whole plants of flags torn out bodily. In other places, when the 
VoLlisvuria was still young and did not reach nearly to the surface, I 
have observed the leaves floating about, recently torn from the bottom. 
Although it could not be determined with certainty in this case, it is 
very probable that carp were responsible. The roiliness of the water 
at the place served to strengthen the suspicion. 

One can not be too careful, however, in drawing conclusions of 
this kind, since there are many opportunities to make mistakes. A 
concrete example may serve to illustrate the point. I was wading 
about in a little bay at the St. Clair Flats, where carp were abundant, 
and noticed many freshly torn up leaves of flags floating on the sur- 
face. It looked very much at first as if this were the work of the caip, 
but I later saw the agency at work — a muskrat, which dived to the 
bottom, cut off a leaf and brought it to the surface, floated there while 
he ate the succulent lower end, and then left it, to go down after 
another. These leaves were bitten off singly, however, while the flags 
mentioned above as uprooted by carp were torn up roots and all, prob- 
ably not so much on account of direct pulling as by having the mud 
worked away from around the roots.*" The male dog-fish {Amia calva) 

a Unfortunately it was found inexpedient to make an experimental test of the effect of carp upon 
aquatic vegetation. This could be done by having two similar ponds or enclosures in which con- 
ditions are as nearly the same as possible. Into one of these should be introduced a certain number 
of carp, while the other should be left without them. If this were done in the spring, for example, 
an exact comparison could be made of the conditions in the two areas as the season advanced. The 
greatest caution should be taken in seeing that all conditions, except the presence of the carp, should 
be the same in the two enclosures. 
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also cuts off the young shoots when building its nest, and at snch 
times these may be found floating on the surface of the water. 

In conclusion, as to the relation of carp to aquatic vegetation, the 
evidence seems to be pretty strong that in general they are very 
destructive, and are probably, in large part at least, responsible for 
the great reduction of wild celery and wild rice that has been noted in 
many of our inland marshes in the last few years. This, in turn, has 
deprived certain ducks, especially the canvasback and redhead, of an 
impoi-tant food supply, and has undoubtedly influenced their abun- 
dance to some extent in the localities in question. Whether the great 
reduction in their actual numbers can be laid to this cause is a very 
different question; and when we observe that the same complaint is 
being made of nearly all game birds and mammals not rigorously pro- 
tected by law, it makes us look for an influence at work more general 
than the introduction of carp into our waters. Such an influence is to 
be found in the hunters themselves, and must be reckoned with in the 
case of the ducks as well as elsewhere. Whether it is more or less potent 
than the reduction of one of their sources of food is a question which 
remains to be settled. It is possible, too, that with the development 
of the country, and especially the opening up of extensive areas by 
irrigation, the ducks, instead of being actually so decreased in num- 
bers as would at first seem to be the case, have scattered to new feed- 
ing grounds. A portion of the following quotation from the paper by 
Smith (1896, p. 399), mentioned above, refers to this possibility, while 
it also sums up in a concise manner the other aspei^ts of the question: 

In attributing to the carp the scarcity of canvasback and other ducks in a given 
region, there should be proof that the carp does and other fish do not eat and uproot 
large quantities of Vallisneria; and the influence of market hunters and indiscrimi- 
nate killing by sportsmen must not be overlooked. The scarcity of canvasback ducks 
in most streams probably antedates the advent of the c^rp in noteworthy numbers^ 
and, as in the Potomac, was coincident with spring shooting and with the activity of 
pot-hunters using swivel guns. Mr. John P. Babcock, chief deputy of the California 
fish commission, states that he thinks ducks in that State have changed their feed- 
ing grounds; miles of land in the San Joaquin Valley are now covered with ditches 
and miles of alfalfa now grow where a few years ago there was a desert; and the 
main market supply of ducks comes from that region instead of the Suisun Marshes. 
He thinks, however, that the carp have proved very objectionable in this region. 

In consideration of all the evidence set forth above, although we are 
obviously unprepared to sa}'^ to what extent, we seem forced to conclude 
that carp are, in some measure, detrimental to certain species of ducks. 

KOILINESS OF WATER INHABITED BY CARP. 

The extent to which carp stir up the bottom mud and make the water 
roily has been mentioned in speaking of its habits, and especialh' it^ 
manner of feeding. As a general thing this is one of the surest indica- 
tions of the presence of these fish in waters that would otherwise be 



THE GEBMAN GABP IK THE UNITED STATES. 593 

clear; and it has several rather impoii;ant economical bearings besides 
the mere fact that it usually accompanies or is accompanied by the 
uprooting of the aquatic vegetation. The constant roiliness of a body 
of water that has theretofore been clear must be an important ecological 
factor in determining the quantity and character of both the vegetable 
and, at least secondarily, the animal life inhabiting it. This will 
readily be appreciated when we consider that it decreases the amount 
of light that would reach to any given depth, thus depriving plants at 
that depth of at least a part of one of the most important conditions 
for their growth, while in the second place the settling of the sedi- 
ment upon the stems and leaves of the plants acts as a mechanical hin- 
drance to the ordinary processes of respii*ation. Where the balance 
is once upset in this way in a body of water where things have become 
adjusted to a certain set of conditions, it is difficult to predict just 
what results will follow in the readjustment to new conditions; but it 
is safe to assert that practically all the living organisms in the water 
will be influenced to some extent. Even if the vegetation were not 
uprooted by the stirring up of the mud of the bottom, it is probable 
that its abundance would be greatly reduced by the constant roiliness 
of the water. This would in all likelihood affect the plankton or free- 
swimming organisms as well, and thus greatly reduce the natural 
food supply of the fish. In the large bodies of water these conditions 
are ameliorated to a large extent, since by the movement of the fish 
from place to place they are often absent from a given locality for 
considerable periods, thus giving the sediment an opportunity to settle 
and allowing the water to become clear; and even in smaller areas the 
fish are not feeding all the time. But it must be admitted that where 
there are a comparatively large number of carp in a pond the water 
is kept in an almost constant state of roiliness. In the case of run- 
ning waters there is a further tendency to impoverishment in the 
carrying away of the rich mud while it is held in suspension in the 
water. There has been no direct evidence collected, so far as 1 am 
aware, to show to what extent this may be effective. It has even been 
claimed by some that dikes and dams are weakened in this way, by 
the destroying of the vegetation that held the mud in place, and the 
loosening of the mud itself. 

The roiliness of the water caused by carp in supply reservoirs 
has, in a number of instances, proved to be a serious problem, and is 
one which has to be met with promptness. The only practicable rem- 
edy is the removal of the fish. In some places this can be done with 
comparative ease by persistent seining; but more often, especially in 
large reservoirs which present a diversity of conditions, this method 
is not feasible. In some cases it may even be necessary, where the 
disturbance is very great, to withdraw the water and drain the 
reservoir for the purpose of getting rid of the carp. An interest- 

P. C. 1904—88 
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ing case of the way this problem was met in Lake Merced, one of the 
reservoirs for the water supply of San Francisco, is reported by Smith 
(1896, p. 395) in the paper that has already been quoted. A number 
of sea lions put into the lake apparently did the work very effici* 
ently; but unfortunately this is not a method that it is always possi* 
ble, or at least, practicable* to apply. Doctor Smith quotes Mr. 
Baboock, of the California Fish Commission, as follows: 

Carp have entered the Blue Lakes in Lake County. The Blue Lakes, three in 
number, were formerly very striking and beautiful bodies of water. A. V. La Mott 
now tells me that lower Blue Lake is so muddy that its beauty is gone, the carp 
keeping the water roiled all the time. Lake Merced, property of the Spring Valley 
Water Company, in the city and county of San Francisco, was so damaged by carp 
as to be almost useless to the company. The company employed four liHhermen by 
the month to seine the lake, and during that time — some four months— bought 19 
good-sized seals [i. e., sea lions] taken near Cliff House. These seals were placed in 
Lake Merced in 1891, and for a time the company employed men to go over the lake 
to pick up the pieces of dead carp that were so numerous as to be dangerous to the 
purity of the water. In the summer of 1895, at the request and expense of the 
water company, I engaged several Italian fishermen to go to the lake, and under our 
supervision they used all kinds of drag nets and neines in the lake and were unable 
to take any carp or any other fish than sticklebacks. The seals have grown very 
thin. Another effort was made in same manner with like results in the fall of 1S96. 
I am of the opinion that there are no carp, big or little, in the lake at this time. 
The coming season the company will try again for carp, and if none is found the 
seals will be kijled off and large-mouth black bass placed in the lake. 

The planting and maintaining of large predaccous iish in watei^s 
where carp are objectionable will undoubtedly help to a large extent in 
keeping their numbers down, as they will prey upon the young carp. 
It is doubtful whether thej' will be of much effect in removing the 
larger fish, however. 

Another point is mentioned in the above quotation which is often 
one of considerable importance, namel}', the marring of the beauty of 
lakes and other bodies of clear water by carp, by keeping the water 
constantly muddy and roily. This is a problem which is apt to be 
encountered by park commissioners, and is to be met in the ^ame way 
fts in the case of the reservoirs. In parks, however, the usefulness of 
carp as a source of interest to visitors, who take pleasure in feeding 
them, may be considered as offsetting their undosirability in other 
respects, though gold-fish are usually preferred on account of their 
more show}^ appearance. 

RELATION OF THE CARP TO OTHER FISH. 

Perhaps more complaint has been made against the carp by anglers 
and commercial fishermen for its alleged destruction of other fish 
than by the sportsmen for its harmfulness to the feeding grounds of 
ducks. These complaints have come from nearly all quarters, and it 
will usually be found that they arise from a general sentiment rather 
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thaa from definite information. It is a noticeable fact that thia senti- 
ment is much less general, or may be largel\' replaced by one almost 
as unreasoning in favor of the carp's entire harmlessness, in regions 
where this fish is commercially valuable on a large scale. The charges 
may in a general way be divided into four headings: (1) That carp eat 
the spawn of other fish; (2) that carp eat the young of other fish; (3) 
that carp prevent the nesting of such fish as the basses; (4) that carp 
produce unfavorable conditions —chiefly roiliness of the water — that 
drive other fish away. 

In the Great Lakes region the fishes that are generally conceded to 
be in most danger from the carp are the bass and other members of 
the same family (crappie, sun-fish, bluegill), and the white-fish. It is 
obvious that they can hardly affect directly such other commercial and 
game fishes as the wall-eyed pike and sauger {Stizostedimi^ commonly 
called "pickerel" on the Great Lakes), or perch ^ {Perca flavescens)^ or 
trout; nor do I know of specific complaints of damage to the herring 
{A7yi/ro8omns), sturgeon, or the true pikes (Esocidse, "pickerel" of 
the inland waters). Most of these do not lay their eggs where they 
are likely to be troubled by carp, and some are probably considered 
able to take care of themselves. Still it seems that carp might easily 
affect wall-eyed pike, in cases where the eggs are attached to water 
plants; and if they affect white-fish they probably also affect herring, 
whose eggs are laid at the same time and presumably in the same places. 

The first of the complaints enumerated above, viz, that cai*p eat the 
spawn of other fish, is perhaps the one that has been most persistently 
maintained. One can scarcely read a communication by one of the 
opponents of the carp without finding in it a statement to that effect. 
Nevertheless, few, if any, direct observations are recorded. The argu- 
ment is something like this: Other fish, such as the bass, are decreas- 
ing, while the number of carp is, or at any rate has been, steadily on 
the increase; carp will eat practically anything; therefore, the decrease 
of certain other fish must be due. in large part to the fact that the carp 
devour their spawn. What I wish to point out is that while the two 
premises may be true, the conclusion is by no means a necessary one. 
It can not be deduced from the above premises without other facts, 
and those facts have not been supplied. They might be of two kinds — 
first, direct observation of the eating of the spawn of other fish by 
carp; and, second, by the finding of the spawn of other fish in the 

a With regard to the perch, at the thirtieth annual meeting of the Amerienn Fi.shcries Society both 
Mr. DickerRon, of Detroit, and Doctor Parker, of Grand Rapids, Mich., expressed their opinion that the 
carp is indirectly harmful to the perch through the destruction of the vegetation. Doctor Parker 
remarks (Transactions of the Society, 1901, p. 124): " You must go back to the vegetable for the reha- 
bilitation of waters. If you destroy vegetation and the larvte, you destroy the minnows, and the 
perch have no minnows to feed on, unless they can eat the young of the carp, which they do not 
appear to do, but the black bfisn will eat the young of the carp and will thrive. Therefore you may 
look for an increase of the black bass, a decrease of the minnows, and also of those fish that feed upon 
the smaller minnows." 
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stomachs of carp. Although it in stated that carp do go about over 
the spawning grounds of other fish and that they devour the spawn, 
with the exception of the little given in this paper relative to the 
white-fish, I do not recall a single case that has been reported upon 
where sufficient evidence has been adduced to show that such is really 
the case. The absurdity, for example, of an assertion which has 
recently been made by a writer in Forest and Stream (Chambers, 
1904) is obvious on the face of it. This partisan, after deprecating 
carp as a food fish and speaking of its habit of uprooting wild rice, 
adds: 

When the stomach of one cauf^ht upon the St. Clair Flats was opened last autumn, 
it was found to contain at least a double handful of ricei while as an ilL stration of 
their destructiveness upon the spawn of other fish it may be mentioned that a ffaUon 
of gpawn which had been devoured was taken from an 18-pounder — a weight which 
the carp frequently attains. 

The italics are mine. The enthusiasm of partisanship has apparently 
led this observer into mistaking the spawn of the carp still in the 
ovary for that of some other fish which has been devoured, for it 
seems altogether out of the question that the stomach of one 18- 
pound carp should hold a gallon of spawn. A double handful of 
rice — wild, or Indian, rice {Ziza7iia\ I suppose is meant — might well 
be present. The greatest amount of material which I have ever 
taken from the alimentary tract of a single carp would surely amount 
to much less than a pint, though I can not say that by distention it 
might not hold more. 

In my own researches at the St. Clair Flats, where the black bass 
were nesting in numbers, I spent much time in attempting to get direct 
evidence relating to the question at issue. Most of these observations 
' were made in a small bay where the general water level in the deeper 
parts was about 3 to 5 feet. The bottom was composed of a fine clay, 
in most places rather light in color. Practically the only vegetation 
in this portion of the baj^ consisted of scattered groups of bullrushes, 
each clump usually radiating in long lines from a common center. 
The bass^ nests were in this open part of the bay, large circular exca- 
vations, a few inches deep, and usually appearing much darker than 
their surroundings on account of the removal of the top soil. As a 
rule they seemed to be placed near the lines of bulrushes, and were 
usually plainly distinguishable for a considerable distance on account 
of the clearness of the water. 

Conditions about the margin of the bay were entirely different. 
Here the shallow water, 1 to 2 feet or so deep, was thickly grown 
up with vegetation — flags, sedges, lily-pads, etc. — and was succeeded 
by wet, marshy, grass-covered ground. The bottom here was largely 

(I I belieye these were the Bmall-mouthod black baai {Microptenu dolomieu), though I And no reoord 
of the species made at the time. 
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soft, and black on account of tne decayed vegetable matter. In this 
shallower area all about the bay carp were often very numerous. 

In the first place much time was spent in trying to learn whether 
the carp ever intruded in the central portion of the bay where the bass 
were nesting. It seemed very probable that they would cross the 
bass nesting-grounds, at least in going in and out of the bay. But I 
was never able to observe a single carp actually on these grounds, 
though I atone time frightened a number of them in near shore which 
started out in that direction. A f vke-net was set with a view to inter- 
cepting any carp that might cross the tmct covered by the bass nests, 
but with negative results. These fish are so wary, however, that it is 
very doubtful whether they would have entered the net had they gone 
that way. At another place I at one time had a large minnow seine 
drawn over a portion of bottom where a few bass were breeding and 
where I had reason to. suspect there were carp present. Besides the 
small fish captured the seine brought in a bass, a pike, and two carp, 
which seems to show that they may at times go in close proximity to 
the area covered by the breeding bass, if not actually upon it. 

In the bay mentioned above I built a scaffold at the border line 
between the bass grounds and the shore zone, with the idea of having 
a more commanding view of portions of both. On this I spent many 
hours of vigilant watch, and although a bass which had a nest nearby 
soon became accustomed to the structure and resumed his care of the 
eggs in the nest, and although carp sometimes appeared within my 
range of vision in the water on the shoreward side, I never saw one 
of them on the outer side, where the bass nests were located. Since I 
have frequently seen schools of these fish lying quietly in water which 
seemed to present the same conditions, except that the bass were 
absent, I feel justified to some extent in concluding that as a general 
thing carp avoid the actual breeding areas of the bass. 

The question has often been raised, and has been much discussed, as 
to whether a black bass would drive a carp away from its nest. A 
number of opinions were expressed on the subject at the thirtieth 
annual meeting of the American Fisheries Society, held at Milwaukee 
in 1901 (see the Transactions of that meeting, published in the same 
year, pp. 114-132). It appeared to be the consensus of opinion of the 
gentlemen assembled there that the bass is fully able to take care of 
itself, while it was further claimed by some that the bass were actually 
increasing owing to the extra supply of food furnished by the young 
carp. Below are given some extracts from the discussion referred to: 

Mr. TiTCOMB. Is it not a base slander upon the bass to intimate that it would allow 
a carp to touch its spawn? 

Doctor Babtlett. I should think so. 

Mr. Bower. I think that where bass and carp inhabit the same water it is natural 
that the bass should increase. We have been hatching hlack bass for a number of 
seasons in ponds where we have had an opportunity to observe their spawning 
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operations from the time the male fish begins to prepare the bed until a (^ood many 
days after the hatching is completed, and we know that the male bass guards the 
bed against all intruders. He will put up the stiff est kind of a fight against any 
animal that approaches the bed with a view of preying uix)n the spawn. There is 
no danger of a carp ever looting the spawn from a black bass bed. On the other 
hand I do not think the carp can retaliate against the bass in any way, shape or 
form. While the bass is preying on the carp, the carp can not come back at them 
in any way. In other words, in the interchange of hostilities between the two 
species, the bass gets the better of it at every stage of the proceedings, and I think it 
is a perfectly natural result that the bass should increase in waters where there ia an 
abundance of carp. 

Mr. Ltbbll. I never have known but a single instance where the carp haa 
destroyed the spawn of the black boas, and I never knew of their destroying any 
other spawn. I have handled and opened what few carp were caught at the Detroit 
river, Belle Isle, fisheries, during the last ten years, but never found any spawn in 
them.« 

« * * * « « « 

The President [Mr. Dickbbson]. I have made this assertion, that no carp ever 
got hold of an egg of a black bass unless Mr. Bass had first been taken off from that 
spawning bed. I do not believe there is such a thing as a carp ever having devoured 
a single egg from a black bass bed where the black bass was on the bed. Of course 
if the beds are deserted that is different, but as long as the bass is alive and guard- 
ing the bed, no carp ever got a single egg. 

Other opinions were expressed, all with the same tenor; but it must 
be remembered that these are in most cases only opinions. They are 
expressed by practical fishermen, however, men who have had more 
experience with the black bass and with the carp than almost any one 
else in this country, and for this reason their opinions must be given 
weight.* 

In the Transactions of the Thirty-second Annual Meeting of the 
same society (1903, p. 54) a statement similar to the above is made by 
Mr. J. L. Leary. It is in part as follows: 

As to his [the carp'gi] destroying the eggs or young fish, it is not a fact. My 
experience is that I could not raise the crappy in clear water, and I adopted the plan 
of putting so many carp in crappy ponds, and I raised some crappy and no carp, 
showing that the young carp are all destroyed by the crappy. The smallest sunfish 
can chase him away, for the carp is a big coward ; the carp is a rapid grower and a 
good fish. 

While we are discussing the case of the carp it may be well to give 
a little more fully the ideas of two members of the American Fisheries 
Society (Transactions of the Thirtieth Annual Meeting, 1901) as to 
the probable increase of these fish, as has been suggested above, on 
account of having young cai'p for food. Mr. Dickersou, of Detroit, 

a This fishery is not prosecuted during the spawning sea.son of the bass; the statement is meant to 
refer to white-fish spawn. 
^Thi8 question should be tested by introdudng a few carp into a bass breeding pond. 
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speaks of the complaints of the fishermen that carp are destroying the 
bass fishing on the St. Clair Flats, and then adds (p. 118): 

But notwithstanding their claims the bass fishing on St. Clair Flats has been 
better during the last three years than at any time during fifteen years previous, 
and we have not planted any bass either. I can not account for it in any other 
way except that the environments of the carp and black bass are absolutely different. 
Black bass likes a clean, pure, sandy bottom, and the carp lives on a muddy, weedy 
bottom. I believe that the carp is a good thing in many waters where black bass 
thrive. I believe that the bass fishing at the flats has increased by reason of the 
food that young carp make for the bass, though he was not planted there. 

Dr. S. P. Bartlett, of Illinois, who has always been a strong partisan 
for the carp, says (Transactions American Fisheries Society, 1901, 
p. 120): 

When we take into consideration the fact that is so well known of the voracious 
habits of the black bass, it shows an all-wise provision of nature to supply a very 
large quantity of coarse fish to feed the other fishes, and I believe as firmly as I am 
standing here that if the carp had not been introduced in the state of Illinois, the 
buffalo having become almost extinct in our waters although it was once the great 
commercial fish that the bass would have been gradually taken out entirely from the 
list. As it is now, I want to repeat the statement that we have more black bass 
than ever, and our carp certainly have increased in a greater ratio than ever before. 

This statement, so contrary to what is so often maintained of the 
bass at the Flats, seems the more plausible when we read in the Report 
of the Michigan Fish Commission for 1885 (p. 11) the statement that 
the decline of black bass in Lake St. Clair and the Detroit River was 
mentioned in the early eighties, and was said to be due partly to their 
being taken in nets, contrary to law, and partly because they were not 
protected. At this time the}'^ certainly could not have been influenced 
by carp. 

Still more evidence along the same line is brought forward by 
Townsend (1901). After giving figures showing the increase in the 
catch of carp in the Great Lakes region and the Ohio and Illinois 
basin, he continues (p. 178): 

These figures show an increase in the quantity of carp derived from the above- 
named waters amounting to nearly nine times the quantity yielded six years ago. 
During the same period the total fishery products of Lake Erie increased more than 
15,000,000 pounds and those of the Illinois River more than 5,000,000 pounds. 
There are, therefore, no indications that the presence of the carp has produced any 
injurious effect on the native species associated with it, but, on the contrary, its 
presence may have a salutary effect, the young of the carp doubtless being food for 
black bass and other species. It is certain that the black bass has increased in the 
Illinois River along with the carp, the yield of black bass in 1899 being greater than 
ever before, amounting to over 70,000 pounds. 

Regarding the relation of carp to some of the other fish I have only 
a few observations of interest. It seems a noteworthy fact, however, 
that 1 have found the dog-fish {Arnla ealv(i) on its nest, and appar- 
ently unmolested, right in the midst of a portion of the marsh which 
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was traversed daily by the carp in their search for food. Moreover, 
in the shore zone of the bav where the black bass were studied I 
found nests of an unidentified species of sun-fish or bluegill, and this 
was' in the regular l)eat of the carp. The owners of these nests always 
left them upon my approach before I could get a good view of them, 
and immediately after their departure a number of small fish which 
had been swimming about in the neighborhood pounced in and began 
devouring the eggs. 1 succeeded in securing a few of these while 
they were committing their depredations. Those I captured were 
a small perch {Perca flavescens)^ a related form sometimes known as 
log-perch or hog-perch (Percma caprodes)^ and a small minnow 
(Notropls whipplel **). All had their mouths and gullets crammed with 
eggs from the temporarily deserted nest. Here we have a suggestion 
as to one of the important factors that may tend to reduce the number 
of bass. At the St. Clair Flats, owing to the cold water brought down 
from Lake Huron, the bass usually spawn considerably later than they 
do in the interior waters of the state, which become warm more quickly. 
This is Ko late, in fact, that the close season prescribed by the law does 
not protect them at the time they are spawning, and as a consequence 
great numbers of them are taken by the bass fishermen directly off 
their nests. In addition, many are also speared, contrary to law, by 
certain lawless residents of the region. The poacher approaches as 
close as possible in a duck boat to the bass as it guards its nest, and 
when within long range throws his long-handled grain. Undoubtedly 
more bass are hit in this way than are actually secured, for I have 
seen numbers of them dead along the shore which showed the marks 
of the spear upon them. What the consequence is as soon as the 
parent fish is removed it is easy to see. Good food does not lie 
around unprotected long when there are hungry fish in the vicinitj, 
and it is very probable that if a carp happened along at this time be 
would not hesitate to avail himself of the opportunity, for a familiar 
proverb might well be perverted to apply — all is food that comes to 
the cai*p's mouth. 

In summing up with regard to the damage done by the carp to the 
spawn of other fish, especially the black bass, we find that there is lit- 
tle in the nature of direct observation, but what there is seems to 
point to the conclusion that there is little danger to the eggs of these 
other species so long as they are being guarded b}^ the parent fish. 
That the carp does eat spawn when occasion presents is not denied 
even by Doctor Bartlett, the carp's greatest friend. He says, in the 
Transactions of the Thirtieth Annual Meeting of the American Fish- 
eries Society, 1901 (p. 120): 

In order that I might know positively what amount of injury had been done by 
the introduction of the carp into the waters of the Illinois, I took occasion when 

a This minnow wa« kindly identiflcd by Mr. T. L. Hankinnon. 
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carp were tiret brought upon the market and the hue and cry raised as to their 
dentructive quahties, to open and to \ye present while liundreds of carps were opened, 
to see if I could find in their stomaclis anything that would indicate that they took 
the fry of other fish or spawn of other fish. I can not say that I have never found 
the spawn of other fish in their stoinachn, but when I have found such spawn it has 
been of such a nature as led nie to l)elieve that it was such spawn as floated on the 
surface of the water, and that the carp took them in, in that sucking motion that he 
has, going around on the surfac^e of the water. 

From data given by Doctor Smith (1902) it appears that the blame 
for the destruction of shad eggs has been wrongfully placed upon the 
carp. He says that observations in the Potomac River show that the 
carp do not molest the shad eggs, as they do not go upon the spawning 
grounds. The greatest amount of shad spawn is consumed by cat-fish 
and eels. This was shown by having a large shad seine hauled over 
grounds where the shad apparently had just spawned. Many shad 
and alewives were caught, but mostly cat-fish (about 6,000 Ameiurxis 
dlhidua) 6 to 18 inches long, and every one of these, so far as observed, 
was gorged with shad eggs. 

With regard to the charge that carp devour the }• oung of other fish, 
any damage that it may do in this way is certainly so slight that it need 
hardly be considered. It can not be said that carp never do capture 
smaller fish, for two or three cases have been reported — one where a 
carp ate some three minnows that were confined with it in a small 
aquarium (Gurney, 1860)^, while in the other cases fish were said to 
have been found in the stomach. The carp is obviously unadapted by 
structure for capturing other fish for food. Its mouth is comparatively 
small and adapted to ''sucking," while, furthermore, there are no 
teeth which could be used in holding living prey. Its only teeth are 
several rounded, knob-like structures situated well back in the '' throat," 
and known as pharyngeal teeth, and are of service only for crushing 
and grinding. 

As to the third and fourth points, that carp prevent other fish from 
nesting and that they produce unfavorable conditions which drive 
other fish away, I know of no proof on either side further than what 
has been brought out in the foregoing discussion. 

I have chosen to consider sepai*ately the relation of carp to the 
white-fish, because the conditions in this instance are rather different 
and distinct from those in the case of any of the other fishes consid- 
ered. Then, too, the white-fish fishery is one of the most important 
in the Great Lakes, and if it were found that the carp interfered 
seriously with the spawning of the white-fish it woiild be a very strong 
point indeed against him. 

The white-fish of Lake Erie make an annual migration from the 

a "A specimen of the common carp, between 5 and 6 inches in Icng'th, was lately observed to devour 
three small minnows, each of about an inch and a half in length, which were confined in the same 
aquarium with him. One of these the carp seized Immediately the minnow was placed in the 
aqoarlum and swallowed it whole, head foremost." (Qumey, loc. cit.) 
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deeper eastern portion of the lake to the shallow reefs at the western 
end, especially around the islands there, in order to deposit their 
spawn. The time of this migration varies somewhat with the tem- 
peratui'C, but at an average the spawning usually begins in early 
November and is at its height during the middle or latter half of that 
month. The eggs are scattered loosely over the rocky bottom. 

During my visit to North Bass Island in the summer of 1901, I 
heard much complaint by the IocaI fishermen, who maintained that in 
the fall carp did great .damage on the spawning grounds of the white- 
fish. Their statements may be summarized as follows: Carp are 
abundant about the Bass Islands when the white-fish are spawning; 
carp eat the spawn of other fish, especially white-fish; white-fish 
8X>awn has been taken from a carp's stomach; when carp are numerous 
on a reef, the white-fish are not there, being driven away by the carp. 
Carp are not caught here for commercial purposes to any great extent, 
and the prejudice against them was very strong. At such places as 
Port Clinton on the mainland, on the other hand, where carp are 
shipped in enormous quantities, and which is also one of the principal 
ports for the white-fish fishermen, I found the belief that carp were 
detrimental to the white-fish either entirely absent, or at any rate not 
nearly so strong. 

In November, 1901, I proceeded to Lake Erie in order to make what 
investigations I could in the matter. At the time of my arrival, 
shortly before the middle of the month, white-fish were beginning to 
be caught in considerable numbers, though very few of the fiish were 
ripe. A week or so later the numbers caught increased greatly, and 
the spawning seemed to be at its height. The season was an unusually 
stormy one, with strong northwest winds nearly every day, and one 
northeaster of several days' duration. The temperature was low 
during nearly the whole time and there wei'e frequent snow flurries. 
The fishermen said that probably, owing to the rough weather, the fish 
did not go upon the reefs to spawn in such large numbers as was usu- 
all}' the case, so that the gill nets, set on the reefs, got comparatively 
few fish, while many more were caught in the pound nets in deeper 
water. 1 spent several days both at Port Clinton and at the islands; 
at the former place both pound-net and gill-net fish were brought in; 
the fish landed at the islands were all taken in gill nets. 

Very few carp were brought in at either place, and none of them 
was large, av^eraging probably less than two pounds. On one day 
when I visited the pound nets with the fishermen, only two carp were 
taken. The stomachs of most of those examined at Port Clinton were 
empty, or nearly so, and in only two cases was any white-fish spawn 
found. At the time the preliminary statement of this work was pub- 
lished in 1903 (Report of the United States Commissioner of Fish aad 
Fisheries, for 1902, p. 130) only a general and rather superficial exam- 
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ination of these stomachs had been made, and it was stated that no 
white-fish spawn had been found. When a more careful examination 
was made later, one white-fish egg was found among the contents of 
each of two stomachs. (See Nos. 23 and 24, p. 672.) The rest of the 
material was mostly remains of insect larvas, entomostraca, shell frag- 
ments, and alg8B. 

November 27 was spent at North Bass Island and several dozen carp 
were examined. These fish, all small ones, 30 to 40 cm. (12 to 16 
inches) long, were brought in directly from the gill nets, set in from 
10 to 25 feet of water, and for the most part on the reefs. Most of 
the fish had some food in the alimentary canal, and in some cases the 
stomach was well filled, showing that they had been feeding very 
recently. Reference to stomachs No. 29 to No. 32 will show that the 
food was of the same general character as had been found at Port 
Clinton. Here, again, one stomach contained a single white-fish agg 
(No. 31). 

The facts obtained lead me to quite a diflferent conclusion from the 
assumptions made by the fishermen. That carp do occur on the 
spawning grounds of the white-fish is true, and, furthermore, they 
seem to be moving about and feeding in spite of the lateness of the 
season and the low temperature of the water. These are mostly small 
fish, however, and the number of them on the reefs appears to be 
comparatively small as well. The eggs of the white-fish, not being 
adhesive to any great degree, probably become widely scattered, and 
unless the carp were present in large numbers the relative number 
of eggs destroyed would be small; and that such is the case seems to 
be proved by the examinations of stomach contents made. That carp 
capture the young white-fish is even more to be doubted, and certainly 
no instance has been reported where such is known to have been the 
case. My conclusion is, then, that while the carp may eat some white- 
fish spawn, the amount so consumed is so small as to bo practically 
insignificant, especially in comparison with the host of other forms 
which probably prey upon the eggs now as they have always done in 
the past. I suspect that by no means the least enemy to these eggs is 
the common mud puppy {Necturu^ maculos^is — called 'Mizard" by the 
fishermen) which is often taken in numbers in the pound nets. And, 
furthermore, the danger to the white-fish spawn has been largely over- 
come in recent years by the operations of the Bureau of Fisheries, in 
hatching the eggs in jars and turning loose the young fish in the spring. 
It has generally been conceded to be due to this, and certainly in spite 
of the increase of carp, that the white-fish have been on the increase 
in Lake Erie in the last few years. The catch in 1901 was an espe- 
cially good one, and was said by the fishermen to exceed any for many 
years previous. 



604 BEPOBT OF THE COMM18810NEB OF FI8HERIK8. 

FOOD VALUE AND USES OF THE CARP. 

At the time of the introduction of the carp to this country a greatly 
exaggerated idea betmme prevalent as to its value as a food fish, or, at 
least, as to its qualities as a food fish. This will be noted by a glance 
at the statements which were sent to the Bureau of Fisheries b}' those 
who had received the fish, and which were compiled and published by 
Smiley (1884, 188r), 1886a, etc.) a few years after the fish first began 
to ))e distributed. Some of these enthusiasts even went so far as to 
say that the flesh of carp was of a better quality than that of the trout, 
white-fish, salmon, and many other of our finer fishes. How such a 
notion should have become so generally distributc^d it is diflScult to 
HOC, for at no time were such claims made for the carp by those who 
wore most interested in its introduction, although it is true that prob- 
abl}' most Americans will hardly agree with Mr. Hessel (1881, p. 897) 
when he asserts that it ^Ss one of the most excellent fresh-water 
fishes." Mr. Ilessel, however, was a German, and in Germany the 
flesh of the carp is much esteemed. What early habitude may do in 
determining likes and dislikes as regards food is illustrated by the fact 
that Germans who live near the Great Lakes^ where they could easily 
get what we should consider better fish, often eat carp from prefer- 
ence, while the American fishermen rarely, if ever, use the carp them- 
selves. As will be mentioned later, the reason for this is perhaps a 
matter of cooking. 

At the present time the popular prejudice is in most parts of the 
country genei*ally against the carp as a food fish. It is even stated 
by many that it is utterly worthless. A common complaint made 
against it is its muddy flavor, and that this often exists is admitted 
even by those who like the fish best. This flavor has, in fact, always 
been recognized b}'^ carp culturists in Europe, and special precautions 
are taken to avoid it. It is said to be present in those fish which have 
lived in very muddy places, especially where the water is stagnant 
and the temperature rather high. If the carp are removed from such 
places and kept for a short time in fresh running water, the muddy 
flavor is claimed to be removed entirely.^ 

In the chapter dealing with the carp in Europe, it has been shown 
how extensively this fish is used for food there, especially in Germany 
and France. It is the custom in man}' places there to keep the 'fish 
ali\ e in tanks at the market, thus selling them to the customers not 
only in a fresh but actually in a living condition. 

Many methods have been given for cooking carp — undoubtedly any 

« Day (1880-18M, p. 162) says: " To improve their flavour Mr. Tull (Phil. Tranw. Roy. Soc., 1754, p. 870) 
caj!(riitc<1 thc>$!C fish and fouiyl that 8Ub}<c<iiiently they ^ew more rapidly, fattened more readily, and 
were of a Huperior flavour." Similar experiments have frequently been mentioned, especially in the 
older works, but there s<H>inH to be no record of the attempt having been made recently. In this 

•^nection see Weddige (1882). 
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German knows what are best; but I do not feel competent to judge of 
them. In general, it would seem that the flesh is best boiled and baked 
and prepared with some sort of dressing. Dr. S. P. Bartlett (1903, 
p. 49) gives the following suggestions:** 

I feel sure that most of the prejudice to the carp as a table fish is from the fact 
that they are too often taken from the warm water, fried and broiled without prep- 
aration. Their rapid growth and the warm water they are taken from, has a tend- 
ency to make them soft. I have found the best mode of preparing them as follows: 
Kill as soon as ciiught, by bleeding, taking out all of the blood. Skin, soak in saSt 
water for several hours, then parboil and bake, basting frequently. They are fre- 
quently served here as a l)oiled fish, covered with proper dressing. It takes but a 
slight stretch of the imagination to place [them] on bill of fare as anything from 
bluefish to buffalo. To-day I had bluefish served with my soup at one of the 
principal hotels and it would have passed as such witli the average man, tell-tale 
bones, however, said carp. 

Carp is probably more often served under the name of some other 
fish than is generally suspected. Mr. John W. Titoomb gives an 
instance where it was served at his instigation which shows that this 
fish when well prepared compares so favorably to many others that 
few suspect the difference. At the dinner in question there were 224 
people present. Mr. Titcomb's account of it is here given (Titcomb, 
1902, p. 36): 

That the carp is unfit for food, as claimed by many sportsmen, may be contra- 
dicted by the statement that at the dinner of the Vermont Fish and (rame League 
held at Burlington, Vt., in January, 1902, at which were entertaineil the members 
of the North American Fish and Game Protective Association and representatives of 
the fishery departments of three Provinces in Canada, the carp was served under 
the title of ''baked red snapjier," and was a very palatable dish. The deception 
was not planned by the hotel managers, but at the re(]ue8t of the president of the 
league in order that the carp might be fairly tested as to its edible qualities. While 
a great many of those who ate the fish knew that it was not the genuine red snap- 
per, it is probable that not one of the guests had any idea that he was eating the 
despised carp. 

It is probable that many hotels and restaurants would find it profit- 
able to have carp regularly on their bills of fare, especially such as 
have considerable German patronage. The report of the Conmiis- 
sioners of Inland Fisheries and Game (of Massachusetts) for 1893 
(published in 1894) quotes the statement that at that time at least one 
restaurant in Cleveland regularly had carp on its bill of fare; and a 

« Doctor Bartlett also gives a recipe for *• carp omelet" or "carp jelly," said to be of Swedish orij^in. 
It was given to him by Doctor Weiss, of Ottawa, 111., who declares that the perfected product is 
equal to the imported Ib^h Jelly that brings $1 per pound. The recipe is as follows: 

Take a 6 or 8 pound carp; scale and skin. Leave head and skin [fins?] . Cut into small pieces and 
place in boiling water just sufficient to cover, and add salt, coarsely ground pepper, allspice, and a bay 
leaf or two. Boil about twenty minutes or until perfectly soft. Remove f.'x>m the fire, remove pieces 
of fish from the water, but preserve the water. Break the pieces so as to be able to remove all of the 
bones thoroughly. Skin fins and head pieces. Strain liquid through a colander and if necessary 
add a cupful of gelatin, previously dissolved, to this liquid. At the same time add such other pieces 
as may be desired. Add the original pieces of fish to the liquid or gelatinized liquid. Stir and place 
on ice until solidified. 
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recently published menu* of the caf6 luncheon of the Waldorf -Astoria, 
New York, for April 16, 1902, contains the item, ''Carp, Rhine Wine 
sauce" at 65 and 40 cents. 

It is not maintained, however, that the attempt should be made to 
put carp on an equal footing with our admittedly finer fishes. It is 
merely desired to show that if the prejudice at present prevailing* 
against it as a food fish could be removed it would be much more 
extensively used than at present. Even now hundreds of tons of carp 
are being consumed yearly' in the larger cities of this country, though 
the demand can still not be considered equal to the possible supplj'. 
The amount of these fish now used will be considered under the sub- 
ject of the carp fisheries (p. 617). The sale is at present mostly limited 
to the poorer classes in the cities, and especially to the Jewish people. 
For this trade it is necessary that the fish be shipped *Sn the round,^ 
and those that have previously been cleaned will not be accepted. 

Several methods of specially preparing carp have been tried to some 
extent in this country, but none of them has as yet been attempted on 
a large scale. I was told that canning carp had been tried in Cleve- 
land, but was unable to get any definite information on the subject. 
If the dogfish of our coasts, a species of shark, can be put up success- 
fully in this form, as is now maintained, it seems that as much might 
bt^ expected of the carp. The greatest diflSculty would be, in both 
cases, in overcoming popular prejudice and in establishing a market 
for the product. 

A few firms along Lake Erie have been smoking a considerable 
quantity of carp, which has, however, never had a wide market, but 
has been disposed of locally. For this purpose the larger fish are 
used, weighing usually 12 to 15 pounds. With a sharp knife the skin 
and scales are cut oflp in broad strips (atout three to a side), the cuts 
not going .so deep, however, but that the imprints of the scales still 
show on the flesh. The head, viscera, and fins are all cut away, and 
the fish is then cut up into tmnsverse sections or ^'steaks'" some 2 or 
8 inches in thickness. This last process is readily accomplished by 
means of a sharp knife fixed in a long-handled lever, as is shown in 
figure 4, plate ii (the operator to the left). Two skilled operators can 
prepare a large number of fish in this manner in a comparativeh' short 
time. The steaks are strung on long iron rods and are smoked in the 
ordinar}^ way. 1 was told that this product was sold as smoked carp 
and retailed at about 15 cents per pound. The claim was made that 
"except for the bones it could not be told from smoked sturgeon," and 
that I myself tried I found to be very palatable. At a retail market 
in Sandusky I actually found smoked carp on sale at 18 cents per pound 
under the name of smoked sturgeon. The larger fish are not readily 

aThlsmenu has been reproduced in Transactions Ainoricnn Fisheries Society, Thirty-second Annual 
Meeting, 1903, p. 123, and in the Report of the [Illinois] Slate Board of Fish Commissioners, 1900-1902. 
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sold in the round, those of 3 to 5 pounds' weight being considered best 
for cooking, and it seems that smoking should be an important way 
to utilize the less desirable size. 1 am unable to give even approxi- 
mate figures of the amount or value of this particular product at this 
time, but it seems to be an industry which is capable of being devel- 
oped upon a paying basis to a much greater extent than at present. 

Wholesale dealers who have tried the experiment of salting carp 
down, as is done with the herring, and thus holding them over to a 
season when they would demand a higher price, inform me that the 
experiment was not a success. This is probably due largely to the 
fact that the Jewish people are by far the largest consumers of carp 
in this country, and they want the fish as fresh as possible. It was 
also the opinion that the salting had a deteriorating effect upon the 
quality of the flesh. It is a common practice in most of the large fish 
houses, however, to freeze large quantities of carp when the supply is 
greatly in excess of the demand at the time and to hold them over in 
this condition until there is a market for them. 

The scarcity of sturgeon and the high price brought by caviar 
naturally suggested to many the possibility of using the roe of the 
carp for their purpose. While the eggs are small, a single large 
female often contains a large quantity of them (see p. 574), and during 
the breeding season carp roe could be obtained in abundance. But 
those on the Great Lakes who have attempted to manufacture caviar 
from the roe of the carp have all reported a failure, complaining that 
in the process the eggs turn pink or red. Inquiries have been made 
as to whether this could be avoided. This change of color is probably 
always characteristic of caviar made from carp eggs, as is evidenced 
by the following quotation from Walton (1901 ed., p. 116): 

But it is not to be doubted but that in Italy they make great profit of the spawn of 
Carps, by selling it to the Jews, who make it into red caviare, the Jews not being by 
their law admitted to eat of caviare made of the Sturgeon, that being a fish that wants 
scales, and, as may appear in Leviticus xi, by them reputed to be unclean. 

It is possible that similar caviar made in this country would find a 
ready sale in the large cities, such as New York and Boston, where 
there are large settlements of Jews. 

It is said that in some parts of Europe "' the palate, commonly termed 
the ' tongue,' is considered a great delicacy." 

In common with numerous other fishes certain part« of the cai-p 
were formerly considered to be of great medicinal value. Thus Walton, 
on the page quoted above, says that "physicians make the galls and 
stones in the heads of Carps to be very medicinable.'' 

Besides being of value as an article of food there are a number of 
other ways in which carp may prove to be most useful. Perhaps the 
most important of these is in helping to keep in check the increase of 
noxious insects which pass their larval stages in the water, and especially 
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that ever-present cosmopolitan pest, the mosquito. Howard (1901, 
p. 161) emphasizes the importance of fish in this respect and gives an 
instance where carp are said to have been very effective, though he him- 
self doubts whether carp could have been the fish that destroyed the 
larvie. He says: 

It was stated a number of years ago in Insect Life, that moflquitoes were at one 
time very abundant on the Riviera in South Europe, and that one of the English 
residents found that they bred abundantly in the water ta,nk8, and introduced carp 
into the tanks for the purpose of destroying the larvse. It' is said that this was done 
with success, but the well-known food- habits of the carp seem to indicate that there 
is something wrong with the story. If top-minnows or sticklebat^ks had \yeen intro- 
duced, however, the story would have been i)erfectly credible, and it points to the 
practical use of fish under many conditions. Some years ago Mr. C. H. Russell of 
Bridgo]K)rt, Conn., described a case in which a very high tide broke away a dike and 
flooded the salt meadows of Stratford, a small town on the north side of l^ng Island 
Sound. The rece<ling tide left two small lakes nearly side by side and of the same 
size. In one lake the tide left a dozen or so small fish, while the other was fishless. 
An examination by Mr. Russell in the summer of 1891, showe<l that while the fishless 
lake contained tens of thousands of mosqaito larvae, that containing the fish had no 
larvae. « 

From the results of the stomach examinations recorded in the earlier 
pages of this report it does not seem that Howard's conclusion that 
carp did not destroy the larvie in the tanks in question is warranted. 
While it is true that no mosquito larvee were found among the intes- 
tine contents examined in connection with the present investigation, 
this may have been due to their small size; the fact that in some 
cases the food of the fish seems to have consisted almost entirely of 
insect larvss makes it probable that those of the mosquito would be 
taken as well. Since it is reasonable to suppose that there was little 
or no other food in the tanks mentioned in the above quotation, it is all 
the more probable that the carp would there have eaten the mosquito 
larvae, and I see no reason to doubt the original statement. It may 
well be that among our native fish there are some species, such as the 
stickleback and top minnow, which are better adapted to this purpose 
than the carp, but the latter is not for this reason a negligible factor. 
Undoubtedly many ponds that annually breed millions of mosquitoes 
need only to have plenty of fish introduced in order to abate the 
nuisance. If carp will do this as well as other fishes, it will serve a 
double purpose, as it can also be used for food. 

Another, and perhaps even greater, benefit to be derived from the 
presence of carp has recently been suggested in a bulletin by Doctor 

a In February and March, 1904, 1 had similar opportunity to obeerve the efficacy of fish in keeping 
the waters where they are present free from motwiuito larvse. About the hacienda at Chlchen-It2a, 
Yucatan, there arc a number of large tanks which are kept constantly filled with water for the stock 
and for other purposes. In some of these tanks mosquito larvse were very abundant; but in the 
others, into which a few small native fish, locally known as ''mojarras" {Hero8ur<^hthdbmu), had 
been introduced, none were to be found. The same was true of two natoial pools in the yidnity 
where these fish lived, while, on the other hand, large numbers of larvse could be foond in small 
hoUowd in the rock and other places where the laln water had been standing for a few days. 
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Stiles (1902), of the United States Bureau of Animal Industry. It 
was learned by Doctor Hutchinson, an inspector of the Bureau in 
Oregon, that sheep from the lowlands along the Columbia and Wil- 
lamette rivers, where cai*p are numerous, are much freer of the fluke 
disease than those from other sections of the country, and it is sug- 
gested that the parasites {Fasciola hspatica) which produce the disease 
may be destroyed by the carp while in a cystic state (cercariae) and 
attached to the leaves of grass or while they are in their intermediate 
host, the common fresh- water snail Limnsexi, In a letter to the Bureau, 
dated December 2, 1901, Doctor Hutchinson writes: 

Prof. C. V. Piper, of the Washington Agricultural College, in conversation with 
nae, mentioned the theory which I find is, as he "said, extant in the minds of many 
farmers along this river, namely, that ''leeches" [liver flukes], which were formerly 
numerous in the livers of cattle and sheep, have to a considerable extent disappeared 
since the introduction of carp into the waters of this river. 

While, of course, the farmers' idea is that the carp now consume the leech which, 
according to their view, the cattle formerly swallowed with the water w^hile drink- 
in>r, it is possible that there may be a practical connection between certain peculiar 
habits of this fish and the noticeable freedom from fascioliasis among the cattle and 
sheep ranged on the bottoms adjoining streams in which these fish are found, com- 
pared with animals coming from other sections av here carp a^-e unknown. About 75 
per cent of the cattle and sheep coming from the western slope of the Cascades, 
exclusive of this Columbia River bottom, are infested with Fasciola hepatica; but from 
this particular portion only about 5 per cent are so infested. 

And in another letter of later date (January 4, 1902) he adds: 

I am able to say that fascioliasis is much less common in animals from the lower 
Columbia and Willamette slough lands than from any other swampy districts of 
Oregon or Washington. 

The carp have the more chance to destroy these parasites since the 
bottom lands are subject to annual overflow, and at such times the fish 
spread over the meadows and root out and eat much of the gi*ass. 
Although 1 do not know that any species of Zt?nndea has been actually 
identified in the alimentary tracts of carp, there can be no doubt, as 
Doctor Evermann states in a letter quoted in the above bulletin, that 
carp do eat them when they are at hand. Doctor Stiles appears to 
have justification for his final statement that ^Hhe action of the carp 
in this case appears to be very strongly supported by the facts stated, 
and it seems that the introduction of carp into fluke districts generally 
would result in a great decrease of liver-fluke disease." 

The Bureau of Fisheries, as well as some of the state hatcheries, 
have found that young cai'p make very good food for black bass, and 
according to the reports of the Bureau at least 1,000,000 of these small 
fish must have been used in this way in the years from 1894 to 1896. 
They have also been used to put into trout ponds to clean out the for- 
eign matter, to destroy the algae, etc. (Report United States Fish Com- 
mission for 1900 (1901), p. 57). It is possible that small carp would 

F. C. 1904-89 
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make excellent bait for bass, and perhaps other fish, but I do not know 
that they have been tried. 

On account of its hardiness and the readiness with which it will 
accommodate itself to small quarters the carp makes an excellent aqu&- 
rium fish for exhibition purposes. At the larjife market in Boston there 
are several large carp in a glass tank so small that the fish now have 
barelv room to turn around. It is said that these same fish have been 
there for a number of years. 

When carp began to be common in Lake Erie it was suggested by 
many that perhaps the air bladders, or ^^ sounds,^' as they are called, 
might be used for the manufacture of isinglass, which is extensively 
used in clarifying wines and in similar ways. At present about the 
only fresh-water fish whose sound is used for this purpose is the stur- 
geon, and the sturgeon fishery is comparatively so small that the sale 
of the sounds amounts to very little commercially. Those who had 
tried to use carp sounds for this purpose had not been successf uL 
Nevertheless, at my suggestion, Mr. John Tufts, of the Cape Ann 
Isinglass Company, made further tests on some sounds which were 
procured for me by Mr. Geaver, of the firm of R. Bell & Co., Port 
Clinton, Ohio. Mr. Tufts writes me as follows: 

In regard to the carp Boonds which yoa sent me, will aay that I have tested them 
and find that [they] will not answer our purpose, inaamoch as thay do not aeem 
to contain any {z^lue. 

Finall}', where carp are taken in greater numbers than can be used 
for food, or where the attempt is being made to rid waters of them, 
they can always be used for the manufacture of valuable fertilizer. 
The importance of fish for this purpose and the extent of the industry 
in some parts of the country, have recently been well described by 
Stevenson (1903). Fish refuse is regularly sent from many fish houses 
in the region to the fertilizer factory at Sandusky,' but under present 
conditions carp contribute very little to this, being shipped almost 
entirely in the round. 

The possible value of the carp as a game fish will be discussed in a 
later section (p. 619)." 

THE CARP FISHERIES. 

Within the past decade the carp fishery has increased to such an 
extent in the general regions of Lake Erie and the Illinois River that 
it now forms a recognized and independent industry. Although it 

n There is one purpose for which the carp would afford valuable opportunity which has not been 
mentioned— that is, as material for scientifle study of variation and heredity among fishes. Experi- 
ments in this line have been actively prosecuted in recent years, especially with plants and mam- 
mals; but so far as I am aware nothing has been done as yet with a fish. Tliat the carp would be an 
excellent subject for such experiments is evident from its great variability, its adaptation to domesti- 
cation and the consequent ease with which it can be reared, its hardiness and rapid growth; and, 
finally, its great fertility, affording abundant material for quantitative results. Probably the only 
rival of the carp as a fish for this purpose would be the gold-fish, which might be preferable oa 
account of its smaller size. 
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is carried on to some extent throughout the entire year, and some per- 
sons devote their whole time to it, the bulk of the fishing, in the Lake 
Erie region, comes in spring and summer, when the number of men 
engaged is greatly augment.ed. Many of these persons are profes- 
sional fishermen who at other seat^ons are engaged in catching other 
kinds of fish; but many also are farmers, usually living in the vicinity 
of the fishing grounds, who supplement the income of their farms in 
this way. For this reason it is very difficult to estimate the number 
of men engaged in carp fishing, either for a part or for the whole of 
their time. 

By far the greater number of carp marketed are taken in seines, 
and the methods differ only in details from those employed in seining 
generally. For this reason I shall give but a short description of the 
methods employed, and shall confine my remarks to the fisheries along 
Lake Erie and the adjacent waters. Apparently about the same 
methods are employed by the Illinois fishermen. (See illustrations in 
Illinois fish commissioner's report, 1900-1902.) 

Some of the fishermen, especially those who fish along the shores of 
Lake Erie, make their headquarters in the cities where the wholesale 
houses are situated, making trips of two or three days, or even a week 
or more duration along the shores, and running back when they have 
a load of fish. These trips are made usually in open, flat-bottomed 
boats, of the style known on the lakes as '^ seine boats" and ''pound 
boats." They are rigged as single or double "cats," but with the sail 
extending beyond the gaff to form a sort of permanent topsail. 
Others, and especially the farmers who fish for only a portion of the 
year, usually have a permanent camp established near some of the 
marshes. The fish when caught at these places are transferred at once 
to live-cars if to be kept but a short time, or to artificial ponds if 
they are to be kept longer, and are later sent to the wholesale houses 
either in wagons or by boaf . 

SEINING. 

The seines used in this fishing are commonly 40 to 50 rods in length, 
about 18 feet deep in the middle and 10 feet deep at the ends. The 
middle portion or bag is generally about 5 rods long and has a 3-inch 
mesh, while the wings have a 4-inch mesh. Longer seines — to a length 
of 80 rods — are sometimes used, but are usuallv found to be too 
inconvenient. The cork-line is well supplied with floats to keep it up, 
but there are usually no weights on the lead-line. The lead-line is 
made shorter than the cork-line, however, so that it hauls somewhat 
ahead of the latter and hugs the bottom. The seine boats commonly 
used are open, flat-bottomed, centerboard boats about 20 to 30 feet 
long, square at the stern, and fitted with a single mast (fig. 3, pi. n). 
The seine is loaded into the stern of the boat in such a way that it can 
be paid off easily, and is taken to a ground where the fishermen have 
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reason to think there are cai-p. There are usually certain definite 
beaches where the hauls are made, places that are known to be com- 
paratively free of vegetation and snags. As the summer advances it 
becomes more necessary to make the hauls on regular grounds, which 
are thus kept comparatively free of weeds. Where the seine has not 
been more or less regularly hauled the weeds become so abundant that 
it is impossible to make a good seine haul over them, for the lead-line 
trips and can not be made to hug the bottom. The various hauling 
grounds are patrolled with considerable regularity, and as soon as the 
fish come on in any numbers the fishermen are usually aware of it. 

For a seine of the size mentioned a crew usually consists of not less 
than four men, though two crews sometimes help each other haul, 
thus reducing the labor. Nominally the waters are free for any one to 
fish in them, but as a matter of fact certain crews come to have a feel- 
ing of ownership for the hauling grounds they have established, and 
in this way they assume rights which are generally respected among^ 
themselves bv an unwritten law. 

Arrived at the hauling grounds, the fishermen proceed with cau- 
tion, making as little noise as possible, so as not to frighten the fish. 
A long brail rope is bent to each end of the seine. The free end of one 
of these is left on shore, where a part of the crew remain as well, and 
the others row the seine boat out in a big sweep around the hauling 
ground. First the brail rope is paid out and then the seine itself, and 
finally the other brail rope is carried to the shore at a considerable 
distance from the point of starting. One person in a small duck boat 
usually follows along the seine to see that it sets right, and that it has 
not caught on any snags. The brail ropes are now passed around the 
drums of wooden reels or windlasses, and wound slowly in, one man 
keeping the line taut while one or two others wind in. In the mean- 
time the fisherman in the duck boat follows along the net as it is gradu- 
ally brought in, watching to see that it does not trip and freeing it if 
it catches. 

When the brails have been brought close into the shallow water the 
two ends of the seine are carried along shore to some median point, 
and the net is now pulled in directly, hand over hand. In order to 
keep the lead-line down to the bottom a "jack" or "roller" is pushed 
down into the mud, so that the line runs under a sort of wooden spool. 
In this way the seine is gradually hauled in until all the fish are 
bunched in a small portion of the bag (tigs. 1 and 2, pi. ii), from 
which, with short-handled dip nets, they are either transferred directly 
to floating wooden crates or live-cars, or are placed in a boat and later 
tiunsf erred to the cars (fig. 3, pi. ii.) The seine is then again loaded 
upon the seine boat, and if another haul is not to be made soon is taken 
ashore and spread out on a reel to dry. 

Under certain conditions special methods of seining are regularly 
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employed. For example, some of the marshes connected with small 
tributaries of the Sandusky River open into the main channel by out- 
lets so definite that anj- fish which happen to be in the marshes can be 
shut off from the river simply by setting a seine across these outlets. 
As has already been explained (p. 558), on account of the varying direc- 
tion and force of the winds over Lake Erie the water level is almost con- 
stantly changing, affecting also the level of the waters of the bays, rivers, 
and marshes. By experience the fishermen have learned that when the 
current sets up and the water level is rising, the carp work up the streams 
and spread out over the marshes. Conversely, with the fall of the water 
they move out of the marshes again into the deeper waters. So careful 
watch is kept of the currents, and shortly after the water has reached 
its liighest, and is beginning to go down again, a seine is stretched 
across the outlet from the marsh, as described above. A row of stakes 
is placed in a semicircular line on the downstream side of the seine to 
prevent its being carried away by the force of the outgoing current, 
and the cork-line is made fast to each of these stakes, so that the net 
will not be carried away if the current should change and set upstream 
again. As the water recedes the carp crowd on the upstream side of 
the net in large numbers, and when the fishermen decide that enough 
have come down to justify it, the haul is made. If the current is still 
running out, a second seine is often set immediately in the place of 
the first. The fishermen can get some estimate of the number of carp 
that have gathered above the seine b}'^ the number that are seen splash- 
ing, or by running a paddle slowly through the water, when, if there 
are many fish present, they can be felt to bump against the paddle. 
To make the haul, a brail rope is carried across upstream from one 
side to the other, and the net is wound in to one shore in the usual way. 

An outfit for seine fishing, including seine boat, seine, lines, and 
other accessories, represents an outlay of about f 150 to $200. In other 
words, a capital of $40 to $50 each is required where the crew consists 
of four men. Some crews, consisting, perhaps, of onl}'- two or three 
men, who work on a smaller scale, are probably able to outfit for a 
smaller sum. In some cases the outfit is furnished b}'^ a wholesale 
dealer or fishing company, and the fishermen work on a salary or on a 
percentage of the value of the catch. 

The time ordinarily required to make a seine haul and dispose of 
the fish is from one to two hours, though it may vary with conditions, 
and the haul is not considered to have paid unless at least half a ton 
of fish is taken. As a rule, the fishermen will not make a haul unless 
they think there is a chance of getting a greater amount of carp than 
that. The number of fish which may be taken at one time depends in 
large part upon the season, and the size of single hauls sometimes 
made during the spring months is almost incredible. Upon what 
appeared to be reliable information there were reported to me a num- 
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ber of hauls in which 10 tons of carp were taken at one time. It 
would probaU}^ be fair to assume that these fish taken in the spring 
averaged in the neighborhood of 8 pounds each, which would mean 
that each haul contained some 2,500 fish. The largest single haul of 
which I heard at Lake Erie was said to have contained 14 tons of fish. 
A recent apparently well-authenticated report from Lake St. Cbur, 
however, exceeds this by more than as much again* Net fishing in 
Lake St. Clair has been prohibited by the state of Michigan until 
within a short time, and in the favorable marshes of the St. Clair 
delta and about the mouth of the Clinton Kiver the carp had increased 
to an amazing extent, resulting in soooe phenomenal hauls now that 
seining for these fish is permitted. The American Fish Culturist for 
July, 1904 (vol. 1, no. 7, pp. 18-19), quotes from the Detroit News an 
account of probabl}'' the largest haul on record, and adds further con- 
firmation of the report from Mr. Seymour Bower, superintendent of 
the Michigan state hatcheries. The article seems of sufficient interest 
to quote in full: 

'* That despised fish known as the German carp is having a growing commercial 
value, and with the possibilities of carp fishing in mind, Carl Schweikart formed two 
companies, the St. Clair and Erie Carp Company and the Detroit Carp Company. 
The field of operations is at the mouth of the Clinton River, where the water ia clear 
and the fish are supposed to be at their best The former .company lias had phe- 
nomenal success in carp catching, having taken in one haul last week 7,200, which 
they suppose will average about 8 pounds. The catch was made about 8 o'clock in 
the morning, and several men were kept busy all day getting the carp out of the nets 
and into the ponds in which the carp are kept until sold. Eastern buyers are figur- 
ing for the purchase of their entire catch, but Mr. Schweikart is inclined to wait for 
better prices. The quotation in New York ia now 3 cents a pound. 

*' What do they do with the carp? Well, they are considered a delicacy by hun- 
dreds of patrons of the best hotels and caf^ in the East, but the name * Great Lakes 
salmon * is preferred. ' ' 

Referring to the above, Mr. Seymour Bower, superintendent of the ISIichigan State 
hatcheries, says: 

"The big haul was made in Lake St. Clair, near the mouth of Clinton River. Net 
fishing of all kinds was prohibit^Hl in this lake until the last legislature pa^Hed an act 
allowing the seining of carp. This lake, as you may know, is famous for its small- 
mouth bass fishing, and it is claimed that the presence of the carp in such over- 
whelming numbers is bad for the bass; hence the passage of this law.'' 

"Mr. Schweikart is intt^restvd in two companies fishing for cArp, and I supposed 
that report of the catch f(^r the month of May, received a few days ago, covered 
everything in which he was interested, but it was for one company only. The 
report for the other company was received this morning, and the big haul is there 
all right. I then called Mr. Schweikart by 'phone and he not only confirms the 
statement made in the clipping, but says the half was not told, and I know Mr. 
Schweikart is thoroughly reliable. He states that from the big haul they impounded 
7,200 carp by count, and for want of time and fa<ulities for handling were obliged to 
let fully as many more go, and that the fish taken will average not less than 10 
pounds in weight. The two companies in which he is interested impounded 44,900 
carp by count in May, or upward of 200 tons. 

''Following are the rules under which eleven firms are now fishing there: 
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"Rule I. 

*'No person shall catch Gennan carp in any manner except with hook and line, 
without first notifying in writing the State game warden and the State Board of Fiah 
Commissioners, at their office in the city of Detroit, of the time and place where he 
intends tt) finh for carp. 

**RULE II. 

"No person shall catch or take German carp from said waters except with a seine 
with a four-inch mesh extension measure as used, and with a hook and line. No 
person shall catch or take German carp with a seine without first giving a good and 
sufficient bond conditioned for the faithful observance of these regulations and for 
the payment of a penalty of fifty dollars ($60) for each and every violation of these 
rules and regulations. 

'*RULE lU. 

**If German carp which are caught are to be kept for future sale, shipment, or 
delivery, a pond or other suitable incloeure shall be prepared in which said carp 
shall be plac*ed and kept, and the State game warden and the State Board of Fish 
Commissioners shall be forthwith notified in writing of the location of such pond or 
inclosure. Said pond or inclosure shall at all times be open to the inspection of the 
said game warden, or any of his deputies, and to the inspection of the State Board 
of Fish Commissioners, or to the inspection of any person appointed by said board 
for the purpose of inspecting said carp and the manner of fishing therefor. 

•* Rule IV. 

'*When any such German carp are killed and sold, shipped, or delivered, the 
owner or shipper shall make duplicate invoices of the same, one of which shall 
forthwith be delivered or mailed to the State game warden, or to such person and to 
sach place as he may designate, and the other shall accompany the package of carp so 
sold, shipped, or delivered. Said invoice shall truly state the time and manner of 
shipment; by and to whom consigned, sold, or delivered. Every fisherman who 
shall engage in business of catching German carp shall once a month make a report 
to the State Board of Fish Commissioners, which report shall contain a true state- 
ment of the quantity in pounds of the daily catch of German carp made by him 
during the month. Said report shall be mailed or delivered as aforesaid on or before 
the fifth day of each month. 

"RulbV. 

"Every package of German carp sold, shipped, or deUvered shall be plainly 
marked so a^ to show what it contains. It shall also show by whom same is sold, 
shipped, or delivered, and such package shall contain no other kind of fish whatever. 

** Rule VI. 

"When any other kind of fish than German carp shall be caught or taken in the 
seine prescribed by law and by these regulations, the same shall be carefully put 
back in the water and, under no circumstances, kept by the fisherman. 

"Rule VII. 

"Whenever a special inspector shall be required to watch the taking, killing, or 
shipping of German carp by any fisherman, the expenses of said inspector, not 
exceeding three dollars per day, shall be borne by such fisherman. 

"The right to amend and alter these regulations at any time is especially reserved 
by the State Board of Fish Commissioners, and will for each violation of any of the 
laws of Michigan with reference to the protection of fish, pay to the State Board of 
Fish Commissioners the sum of $50, then this obligation is to be void, otherw^iae 
to remain in full force.'' 



616 BEFORT OP THE COMMISSIONER OF FISHERIES. 

The laws governing the taking of carp in Lake St. Clair are quoted 
to show what can be done in cases of this kind to allow of the utiliza- 
tion of the carp, to decrea^se their numbers, if that seems necessary, 
and still to afford protection to the native fish, especially the game il.*^, 
such as the black bass. 

OTHER METHODS OF CAPTURE. 

The number of carp taken by other means is insignificant as com- 
pared with that taken by seining — in fact, it is seldom that any other 
kind of net is set exclusively for carp. Small numbers are taken more 
or less regularly in the pound nets set in Lake Erie for saugers and 
pickerel (wall-eyed pike) and for white-fish, as well as in the traps 
and fyke nets set in the bays and rivers for other species of fish. A 
few carp — mostly small ones — are obtained in the gill netw set for 
white-tish al)out the Bass Islands in the fall. Occasionally when a 
number of carp have entered some place where a net can be set across 
their only way of escape, or where they can be driven into it, a gill 
net is used. Thus if carp are frightened out of the rushes where they 
are feeding they will usually make directly for deeper water. If a gill 
net is set so as to intercept them many will rush into it and become 
entangled; but they are such vigorous fish that unless the net is an 
exceptionally strong one they are apt simply to tear it to pieces. I 
believe trammel nets have been tried in the same way, but not with 
enough success to warrant their general use. 

PACKING AND SHIPMENT. 

The method of transportation of the fish to the fish houses has 
already been mentioned (p. 611). The fishermen may dispose of them 
immediately after they are caught, or they may keep them for a time 
pending a rise in the market price. In the latter case the carp are 
retained in pens or ponds as will be described later. The fish are 
received at the wholesale houses often in a living condition, although 
they may have come a distance of several miles packed a foot or two 
deep in a wagon or boat. They arc transferred from the boats to 
boxes by means of short-handled dip nets, the iron frames of which 
are usually straight on the side opposite the handle, a construction 
which facilitates using them to take fish from the bottom of a boat. 
The boxes are now slid inside the fish house and placed on the scales 
where the fish are " weighed in," and are then dumped out in a pile on 
the floor. Usually no record is made of the number of fish, but all 
measurements are by weight. As soon as possible the fish are packed 
into plain lumber shipping boxes of uniform size and especially made 
for this purpose. A box is placed on the scales and chopped ice is 
shoveled in until it tips a certain weight; a 150-pound weight is then 
added, and carp are shoveled in until it is balanced. For handling the 
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fish when they are on the floor ordinary large scoop-shovels are used. 
Each day the boxes of carp are shipped either by freight or express to 
the large cities, where they are in demand. From the fact that some 
of the fish from Lake Erie at times reach New York still in a living 
condition, it will be seen that there is no need that the fish should be 
cleaned before shipment, even did not the consumption of the greater 
portion by Jews demand that they be shipped ^' in the round." 

Some firms, when the supply of carp exceeds the demand at the 
time, freeze a part of the catch and hold them over in this way, but 
the frozen fish do not find so ready a sale. 

EXTENT OF THE FISHERIES. 

The amount and value of the carp output of Lake Erie has been 
steadily on the increase for the past eight or nine years. The fish 
first began to be handled by the dealers in about 1890 or 1891, but 
had no extensive market until about 1896. At a fish house in Pprt 
Clinton it was stated that when they first began to be taken they were 
thrown in with the mullets and sold at 1 cent a pound, and the 
dealers did not want them at that price. They were then put on the 
list as German carp, at 3 cents, and at once found a ready sale. 

That the fishery had not become established in 1892 is shown by the 
fact that carp are not 4nentioned under the " Products of Lake Erie 
fisheries," in the Report of the United States Fish Commission for 
that year (p. cl), nor in the paper by Smith in the same report on 
the fisheries of the Great Lakes.^ They were being used more or 
less in other places, however, and Smith (1898, p. 494) estimates the 
amount of carp taken in the waters of the United States, exclusive of 
the Great Lakes, in 1894, as 1,448,217 pounds, valued at $37,683. 
The catch from Illinois Was more than four times that from any other 
state, Iowa coming next. The Lake Erie fisheries had increased 
enormously by 1899, and Townsend (1901) in reporting for that year 
says (p. 178): 

The catch of carp in Lake Erie in 1899 amounted to 3,633,679 pounds, valued at 
$51,456. The report of the Illinois Fishermen's Association shows that the catch of 
carp in the Illinois River is greater than that of all other species combined, the 
quantity of carp taken in 1899 amounting to 6,332,990 pounds, valued at $189,980. 
The yield of carp from the Ohio River and two of its tributaries, the Cumberland 
and Wabash rivers, during the same year, amounted to 113,387 pounds, worth 
$6,654. 

These figures show an increase in the quantity of carp derived from the above- 
named waters amounting to nearly nine times the quantity yielded six years ago. 



a Although the Iiake Erie and Illinois carp fisheries had not become established at this time, these 
fish from eastern waters were finding a ready sale in the New York markets. This is shown by the 
following statement of Mr. John H. Brakeley (1889a): •• I have sold several hundred pounds of carp 
during the past autumn in the New York market, the commission merchants getting 15 cents a 
pound for them. I am satisfied ttiat it will pay to feed carp, and shall do considerable of it next 



season." 
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In the summer of 1901 I myself visited all the principal fish dealers 
on Lake Erie, and made as accurate an estimate as possible of the 
extent of the carp fishery for the calendar year 1900. A number of 
factors prevent great accuracy in such an inquiry; for example: (a) 
Some dealers keep no record whatever of the carp handled by them; 
(h) others keep record only of their own catch, not recording those 
bought by them from fishermen; (c) in some cases the carp are weig'hed 
in and sold with the suckers, and (d) it sometimes happens in the 
spring that carp come in faster than they can be handled, when the 
surplus is weighed up with the refuse, and sent to the fertilizer fac- 
tories. In spite of this, however, it is felt that the following statistics 
give a fair estimate of the total amount of carp shipped from Lake 
Erie in 1900: 

Pounds. 

Detroit, Mich ^ 900,000 

Monroe, Mich 14, 000 

Toledo, Ohio 432, 54S 

Port Clinton, Ohio 2,361,723 

Sandusky, Ohio 1,260,817 

Total for western end of lake 4, 369, 088 

Huron, Ohio 14, 168 

Vermilion, Ohio 3, 561 

Lorain, Ohio ^ 20,773 

Cleveland, Ohio 16,000 

Ashtabula, Ohio 2, 500 

Erie, Pa 12,000 

Buffalo, N. Y 160,000 

Total for eastern end of lake 229, 002 

Total for lake 4, 598, 090 

The price paid to fishermen for carp varies from about 30 cents per 
100 pounds in the spring months to 2i cents per pound in the winter. 
Taking li cents per pound as a fair average, the vahie of the carp 
catch of 1900 would be $68,971.35. This is an increase of 964,393 
pounds over the catch of 1899, and an increase of valuation of over 
$17,000. As nearly as could be judged at the time, the catch for 1901 
promised to be about as much larger than that of 1900. No accurate 
statistics have been gathered since that time, but the fishermen say 
that the fishery is still increasing. 

The number of pounds of carp taken in Lake Erie in 1899 equaled 
nearly one-sixteenth of the total catch of fish of all kinds in the lake 
for that year, while the value was about one twenty-second of the 
entire fisheries product. 

In the Mississippi River and the streams tributary to it, especially 
in the Illinois River, the carp fisheries are of far greater comparative 
importance, and for several years carp have constituted over one-half 
of the total yield of the fisheries of the last-named stream (Townsend, 
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1902, p. 150). In 1899 the catch for these streams was 11,869,840 
pounds, valued at $289,268. In a letter dated October 19, 1903, Dr. 
S. P. Bartlett states that the value of the output in 1901 from the 
Illinois River was nearly two-thirds of a million dollars, 17,000,000 
pounds being the output;^' and in a previous letter — 

I am safe in saying that of all the fish produced in our inland waters and rivers the 
carp will bring the fishermen more money than all their other catch. 

ANGLING. 

The anglers for trout and bass naturally look upon the cai-p with 
great contempt. Nevertheless there are those who are ready to cham- 
pion the foreigner, and some would even rank him as a game fish. In 
Germany, angling for carp in the open waters has afforded recreation, 
and has been a not unimportant factor in the food supply of the peo- 
ple; and in England carp have been sought by the angler since their 
earliest introduction into that country. They are mentioned among 
the fishes included in the treatise on angling in the "Boke of St. 
Albans," first published in 1486, and consisting of a number of com- 
pilations often attributed to Dame Juliana Barnes (or Berners), though 
the section on angling was probably not written by her. This account 
is interesting as being probably the earliest record we have of the 
carp in the English language; and being brief, may well be quoted 
here: 

The carpe is a deyntous fyaehe: but there ben bat fewe in Englonde. And there- 
fore I wryte the lasse of hym. He is an euyll fysshe to take. For he is soo stronge 
enarmyd in the mouthe that there maye noo weke hamays holde hym. And as 
touchynge his baytes I haue but lytyll knowlege of it. And me were loth to wryte 
more than I knowe & haue prouyd. But well I wote that the redde worme & the 
menow ben good baytys for hym at all tymes as I haue herde saye of persones ered- 
yble & also found wryten in bokes of credence. ^ 

In the later English writings on fishing, the carp is accorded a 
prominent place, and Izaak Walton (1901 ed.) devotes a chapter to its 
natural history and the modes of capture. He styles it "the queen of 
rivers; a stately, a good, and a very subtile fish," and says (p. 17): 

And my first direction is, that if you will fish for a Carp, you must put on a very 
large measure of patience, especially to fish for a River Carp: I have known a very 
good fisher angle diligently four or six hours in a day, for three or four days 
together, for a River Carp, and not have a bite. 



a It would seem that Doctor Bartlett has put the valuation rather high. Two-thlrdfi of a mlllloDL 
dollars for 17,000,000 pounds of fish would mean a value of slightly over 3.8 cents per pound. At the 
same rate used in eBtimating the value of the Lake Erie catch above (li cent<<) the Illinois River 
catch for 1901 would be worth $256,000. If we estimate the Lake Erie catch for 1901 on the basis of 
the catch of 1900 over that of 1899 (an increase of nearly a third) it would amount to approximately 
5,800,000 pounds, with a value of $87,000, making a total of 22,800,000 pounds, worth $342,000 for the 
two regions. There are no data at hand for estimating the amount of carp caught in other parts of 
the United States, but it is probably comparatively small in proportion to that for the regions given. 

b From a reprint of the Wynkyn de Worde edition of 1496 (London, 1810, treatise of " Fyashynge 
with an angle," signatnxe 1 J). 
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He then goes on to tell when one should fish, the kinds of bait that 
should be used, and ends with an elaborate recipe for its cooking. 

Perhaps the best directions for fishing for carp with hook and line 
are those quoted from Pennell by Goode (1888, p. 414) in his popular 
treatise on American Fishes. 

Early in the iiionung, and, occaMionally, late in the evening, are the best times for 
fishing; but, aH observeti, the catching of Carp with the rod and line is always a diffi- 
viilt and uncertain oj)eration, particularly if the fish are lai^ge. The smaller the pond, 
the better the chance 1 have always found of catching Carp and Tench, though, of 
course, they are not ^<o large as in bigger waters. I once caught a bucketful of Carp 
before breakfaKt, in a ix>nd by the side of a road between Weybridge and Byfieet, 
which was not bigger than an ordinary sized ball-room. The biggest of these Carp 
did not, however, exceed 2 pounds in weight 

The following i.s the method of Carp fishing in stagnant waters which I have 
found most successful: 

Let the line be entirely of medium sized or fine round gut— clouded, if possible — 
with a very light quill float, say No. 4, and one good-sized shot, about 6 inches or so 
from the hook, which should be No. 5 or 6 and baited with a brandling or red worm. 
Plumb the depth accurately; and arrange the distance between the float and the shot, 
so that the latter may exactly rest on the bottom, weighing down the point of the 
float to about "half-cock," and letting the gut below the shot and the bait lie on 
ground. Fix the rod in the bank and keep perfectly quiet. When a bite is per- 
ceiveii, do not strike until the float begins to move away. 

It constantly hax)pens, however, that the Carp will not be taken either by this or 
any other mode of fishing with which I am acquainted; but if he is to be caught at 
all it is thus. 

The baits are, worms (first), gentles, greaves, grains and various sorts of pastes, 
of which latter, however, I believe the plain white bread crumb paste is the best, as 
well as the most easily made. Professor Owen, who had a good deal of Carp fishing 
experience in Virginia water, gave me the results of his practice which concur in a 
great measure with my own, except that he fished with his bait j)aste made of soft 
herring roe worked up with bread crumbs and wool, a favorable substitute some- 
times for the brandling. 

In Germany the ''angler usually prepares for his sport by 'gi'ound- 
baiting' with a thousand or more angle-worms, twenty-four hours 
before he expects to fish, and while fishing he throws worms into the 
water." 

While most of our spoii)smen would probably indignantly object to 
having the carp classed as a game fish, it must be admitted that 
whether it should be so classed or not depends largelj^ upon our defi- 
nition of a game fish, and, as Goode says (1888, p. xiv), "no fish 
which is not of the highest rank as a table delicacy is rated by Ameri- 
cans as a game fish." He continues: 

The barbel, the dace, and the roach, the pets of the fatlier of angling, classical in 
the pages of sportsmen's literature, are despised by new world authorities, and are 
now considered ** coarse fish" even by English writers. Yet they afford excellent 
sport — sport which in Enpland tens of thousands enjoy to every one who gets the 
chance to whip a salmon or trout line over preserved waters. 

And so it is with the carp. Those who live where there is an abun- 
dance of other fish, such as bass and pickerel, or even of perch and 
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bream, will probably not abandon those fish for the pursuit of the 
carp, while, on the other hand, those who have done most of their 
fishing for buffalo, red-horse, mullet, or bull heads should welcome 
the carp with joy. How far in this country its capture is supplanting, 
or at least supplementing, the other of the coarser fishes in this respect 
has been best told by Dr. S. P. Bartlett (1903), of Illinois. For this 
reason I quote the greater portion of his papers 

The question has been asked me a great many times why it was that carp can not 
be taken with the hook and line. A ^reat many persons have told me that they 
have used all kinds of bait and failed to get them to take it. These inquiries came to 
me as a surprise from the fact that hundreds daily fish for carp with hook and line 
on Quincy Bay and all along the Illinois River with great success. 

I have found the best bait to be a dough ball made by boiling cornmeal to a good stiff 
mush, and then working the ordinary cotton batting into it until it becomes hard and 
stiff, and then rolling into little round pellets about the size of a marble. Bait prepared 
in this way will not be easily dissolved by the water. I use the ordinary Carlisle 
hook fastened on the end of a good strong line and three or four inches above the 
hook, attach quite a heavy sinker which will take the line to the bottom and allow 
the bait to flow up away from the bottom. Another good bait is the ordinary ship 
stuff from the mills, boiled stiff and dough rolled out in sheets and then cut up into 
little wjuares, perhaps three-fourths of an inch square. Fried potatoes, sliced raw 
and fried until they become stiff, not brittle, also is a fine bait. Anyone conversant 
with the hook and line at all, will have no trouble in carp if this bait is used as 
indicated. 

On Quincy Bay I have seen as many as two hundred people fishing for carp along 
the shores, and nearly all of them get good fair strings. The carp when hooked is a 
very vigorous fighter, and care must be used that he does not break the hook or 
break out the hook from his mouth. I would advise the use of the landing net. 
They are daily taken on trout lines, using the same kind of bait. 

Since your request for information as to the carp from an angling standpoint, I 
have given the matter a great deal of attention, and have been greatly surprised at 
the extent to which carp are caught with hook and line. From Cairo to Dubuque 
on the Mississippi River I have found shores at all the towns lined with people 
fishing for carp, all catching them. One day last week, from the lower end of 
Peoria, Illinois river, to water works point, a distance of three miles, I counted 
1,103 people fishing with hook and line, and on investigation [it] developed that a 
large per cent of them were taking carp. The majority of those caught weighed 
a pound and as heavy as five pounds, all of them probably used as food. Permit 
me to introduce here a letter from one of the best known sportsmen in the State 
[Mr. M. D. Hurley, of Peoria, 111.]: 

*'Carp fishing with hook and line has now taken its place with bass and other 
kinds of fishing. All along the river in this locality carp are being caught freely 
with hook and line this year, and to say they are gamey, is not half expressing it 
For the past month I have made it my business to go along the river and take notes 
of this particular kind of fishing and talked with no less than 25 different persons 
who were busy catching carp, and in every instance I was told it was rare sport to 
hook a carp, as it was quite as much of a trick to land one as it was to land a bass; 
dip nets were used generally to land the carp, as the activity of the fish when jerked 
out of the water would tear the gills and free the fish quite often. TJie bait used 
when fishing for carp is dough balls and partly boiled potatoes, the latter being best 
in the opinion of the majority. The carp will bite on worms quite freely also, and 
in two instances, I found carp had been taken with minnows, something that has 
been considered impossible heretofore, but in these two cases I am certain it was 
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done, as I have the names of the parties who caught the fish. An old Crerman who 
lives here goes daily to the river with a regular fly casting pole and reel to fish for 
carp. Of course he exchanges the fly for the regulation hook, but he used his reel 
in landing the carp, and says there is no finer sport than fishing for carp. This man 
OSes partly boiled potatoes altogether and is very snccessful in taking carp in num- 
bers daily. I have caught a great many carp myself with hook and line, using pots- 
toes, dough balk and worms, and foond that the partly boiled potatoes worked 
best, as the carp seemed to take that particular bait when they would not bite any 
other. As for the sport of catehing carp with hook and line, I consider it equal to 
anything in the way of pleasure fishing, as the fish is'gamey and will fight as hard 
against being landed as bass or other game fish and is to be handled with precaotion 
on account of the tender gills, which will often tear when hooked by an inexperi- 
enced angler. In the past two years carp have become popular where they were 
unpopular, because of the wearing away of the prejudice that they were of no bene- 
fit to the angler on account of the belief that they would not take a hook. Now it ie 
different, as the very ones who were so loud in their protest against the carp, have 
found great sport in taking them with hook and line, and it is wonderful to hear the 
change of sentiment as to the carp for food purposes. They are a good fish now and 
fit for a king in comparison to what was said of them while the prejudice still existed. 
To my mind the carp is a good fish for food purposes and is fast finding favor in the 
west in every way, now that the angler has fonnd it is the coming fish for sport. 
Just at present, in the Illinois river, we have a world of all kinds of game fish and 
no end of carp, which insures the angler his full measure of sport until the end of 
time." 

At Detroit and at Put-in Bay I have seen numbers of persons fish- 
ing from the wharves with hand lines for carp. The bait in most gen- 
eral use was a piece of boiled potato wrapped in mosquito netting to 
keep it on the hook. On the 25th of July, 1901, with this bait, I saw 
taken from the steamboat wharf at Put-in Bay a carp which measured 
31.5 inches in length and the weight of which was estimated at about 
16 pounds. This fish made a vigorous fight, and would have taxed 
the ingenuity of an expert angler if he had hooked it on a trout line 
and a light rod. 

There is a tendency among sportsmen to deny the title of game fish 
to any that will not rise to a bait, either real or artificial. In such a 
category the carp certainly can not be included; it must be classed 
rather with those fishes that reward the quiet, ''contemplative" 
angler, who must wait patiently until the fish bites, but who then ha? 
the same problem and must exercise the same skill in landing his 
game that he would have to display had he hooked one of those 
species generally acknowledged to be game fishes. 

CARP CULTURE. 

Carp ponds and pens may be divided primarily into classes accord- 
ing to the purposes for which they are used: (1) Permanent ponds or 
complements of ponds, used for breeding, rearing, and retaining the 
fish until such time as they are large enough to dispose of in the 
market; and (2) temporary ponds or other inclosures used only for 
holding carp from times when they are easily obtained imtil, on 
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flccotmt of their scarcity, the market valne has risen to a point makings 
their sale profitable. The terms permanent and temporary are thus 
used here, as it will be observed, not in the sense of the time of dura- 
lion of the ponds, but as denoting the manner in which they are used. 
The latter sort correspond more or less closely in their function to 
the stock ponds on a well-equipped German carp farm. Either sort 
may be natural or artificial. 

PERMANENT PONDS. 

With a few possible exceptions carp culture has never been attempted 
in this country after th6 lines on which it is carried on so extensively 
in German3\ Most of those persons throughout the United States 
who aspired to carp culture at the time these fish were being dis- 
tributed by the Government merely dumped the fish into any body of 
water that was convenient, or into any pond that could be hastily 
scraped out or constructed by damming some small stream, and there- 
after left them to shift for themselves, possibly feeding them occa- 
sionally at first. That such efforts were not a success is no more to 
be wondered at than would be a man's failure if he attempted to estab- 
lish a successful poultry farm merely by turning a few dozen fowls 
loose in the neighborhood of his home. Whether extensive and prop- 
erly conducted carp farms would then, or would now, be profitable 
and pay a reasonable return on the capital and labor invested, is 
another matter, and will be considered a little farther on. 

It is not proposed here to enter into an elaborate description of the 
methods employed by the successful European carp culturist. Ameri- 
can readers who may be interested in the subject are referred to the 
excellent paper by Hessel (1881), which has been cited frequently 
throughout this report, and to the fuller account given in the transla- 
tion published by the United States Fish Commission of the work by 
Nicklas (1886). Numerous works on the subject have been published 
in German, and references to them will be found in the bulletins 
named above; among the more recent books may be mentioned those 
by Susta (1888) and Knauthe (1901). 

Some idea of the extent to which carp culture is practiced in Ger- 
many and the neighboring parts of Europe may be gained from the 
following extract quoted from Hessel (1881, p. 866): 

A celel)rated establishment for carp-culture, with large, extensive ponds, was 
located, as early as the fourteenth century, near the town of Wittingau, in Bohemia, 
Austria. The tir^t beginning of it may be traced back to the year 1367. At that 
time the lords of Rosenberg called into existence and maintained for centuries these 
establishments on a scale so extensive that to this day tliey are the admiration of the 
visitor, the main parts having survived, while the race of the Rosenbergs has long 
been extinct. 

The manor of Wittingau suffered greatly from the calamities of the Thirty Years' 
War, and with it, in consequence, its fish-culture. The latter only recovered the 
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effects of it after passing, together with the large estate of a rich monastery of the 
same name, in the year 1670, into possession of the Princes of Schwarzenberg, their 
present owners. The extent which carp-culture has reached on these princely 
domains will be seen from the circumstance that their artificial ponds comprise an 
area of no less than 20,000 acres. The proceeds amount to about 500,000 pounds of 
carp per annum. The ponds of the Princes of 8chwarzenberg are probably the most 
extensive of the kind on the globe. They are usually situated in some undulating 
lowland country, where small valleys have been closed in by gigantic dams for the 
purpose of forming reservoirs. Similar establishments, though not equally exten- 
sive, are found in the provinces of Silesia and Brandenbun;; as, for instance, near 
Breslau and Cottbus, in Peitz and Pleitz, which I visited last year. In Hesse-Cassel, 
Hanover, Oldenburg, Mecklenburg, and Holstein there are also many hundreds of 
ponds, none of them covering more than a few acres, but almost every large farm 
possessing at lea^t one of them. 

The well-appointed carp-cultural establishment has at least three 
kinds of ponds, each adapted for a particular phase of the industry. 
These ponds are usually made by throwing dams across small valleyn, 
and by the aid of dikes, and are commonly fed by small streams flow- 
ing into them, by springs, or they maj'^ depend entirely upon the 
rains to keep them filled. These last are often spoken of as '' sky- 
ponds, '' and are much more uncertain than the others. The ponds 
fed by streams are ordinarily protected from flooding by freshets by 
leading the main channel of the stream around them, so that the 
amount of water which flows into the pond can be regulated at will. 

The classes of ponds are: 

1. Spawning ponds. Shallow ponds in which the water is easily 
warmed by the sun, and suitable for the spawning fish. 

2. Raising ponds. Ponds, usually of medium size, to which the fry 
are transferred and where they are retained, isolated from the larger 
fish, until they are a year or two old. 

8. Stock ponds. Large ponds in which the fish are kept until they 
have reached a marketable size; this is usually considered to be when 
they have reached a weight of 2i to 2i pounds. One reason that the 
young fish are reared for a time in the raising ponds is that in the 
stock ponds with the older carp are often kept a number of predaceous 
fish, such as perch, pike, etc., which are supposed to keep the carp in 
better condition by preventing them from becoming too lazy and seden- 
tary. These fish would destroy the carp fry if the latter were put 
into the stock ponds while still small. The predaceous fish also form a 
secondary source of income. 

Since the stock ponds are not always favorable for the wintering of 
the fish there are sometimes ponds especially adapted for this, and 
these are known as — 

4. Winter ponds. These should be in sheltered localities, if possible, 
and should have a depth of at least 6 to 8 feet. 

All the above classes of ponds are constructed upon the same general 
principle. Ditches from the various parts of the pond lead into other 
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ditches which are deeper, and these finally lead into a still deeper pit 
(the '^fish pit"), which is situated at the place of outlet, usually near 
the dam. When it is desired to drain the pond, the water is drawn 
off gradually, the fish work down into the ditches, which completely 
drain the pond, and so they all come finally into the fish pit, whence 
they can be taken with nets. In a properly constructed pond it is 
possible to draw all the water from the pit, and thus completely drain 
the pond. It is common on many farms to have a curious ^^ rotation 
of crops;" the fish ponds are drained and turned to agricultural pur- 
poses for a season or two, when by closing the outlet gates and allow- 
ing the water to fill them again they are reconverted into ponds, and 
pisciculture is resumed. Such a proceeding is said to have a salutary 
effect upon both industries. 

TEMPORABY PONDS AND PENS. 

Although there are very few, if any, carp-cultural establishments 
in this country conducted on the principles of those that have just 
been described, there is, nevertheless, an increasing number of ponds 
being constructed and used for the temporary retention of the fish. 
This is true especially in the Lake £rie district. These inclosures 
vary all the way from the simplest pens, not ailculated to hold more 
than one-half ton to a ton of carp, to extensive ponds covering large 
areas and constructed and maintained at a considerable expense. 

These temporary inclosures may again be divided into two classes: 
(1) Those in which the level of the water is not under control, but 
varies with the changing level of the surrounding waters; and (2) those 
in which the water level in the ponds can be artificially maintained at 
any desired height. 

Under the first class the simplest kind is that already mentioned 
(p. 612) as being used when it is desired to retain the fish only a very 
short time — a few days to a week or so at most. These are the ordi- 
nary live-cars or crates — large boxes constructed of rough boards with 
Bracks between, which allow the access of plenty of fresh water. When 
the fish have been placed in these, the covers are fastened down and 
the cars towed out to where the water is deep and certain to be fresh — 
well out in a stream, if possible. The cars are weighted with heavy 
stones, so that they float with their tops just at the surface of the 
water. Fish kept in cars are seldom fed, unless it is necessary to keep 
them much longer than is usually the case. When the^"^ are taken out, 
dip nets are employed. 

A common method of constructing inclosures which will accommo- 
date a larger number of fish, and in which they may be kept indefi- 
nitely, is to build out into a stream, or from the shore of a bay or 
lake where the conditions are suitable, a sort of rough picket fence 
around three sides of an area, the shore usually forming the fourth 

F. C. 190*— 40 
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boundary (fig. 2, pL ii).^ This fence oonuists of rough boards driven 
into the mud a short distance apart, and supported at intervals by straag 
stakes driven firmly into the bottom. It is necessary to have the top 
of the fence several feet higher than the highest water, to prevent the 
fish from leaping out. A woven-wire netting 2 to 3 feet high is often 
added to the top of the fence for this purpose; it is not practicable to 
use the wire netting under the water, as the fish would become badly 
bruised in attempting to get through it, or by dashing into it without 
seeing it. The pens may be of any size, from small ones, which will 
accommodate only one or two hundred fish, to those covering an extent 
of some 2 or 3 acres. Larger ones than this are probably not practicable 
on account of the difficulty that would ensue in attempting to get the 
fish out of them; obviouslj' the water can not be drawn off and the pen 
drained, so the only way of taking the fish is with a seine. This is 
done by setting the seine around the perimeter of the area, close to 
die fence, and then hauling it to one corner of the indosure, where the 
fish can be gathered into the bag of the seine (fig. 2, pi. n). 

As a rule there is not enough natural food in these pens for the 
sustenance of the fish, and in order to keep them from falling away 
greatly in weight it is necessary to supply them with food. The 
necessity of removing the fish with a seine makes it impracticable to 
build the pens where there is plenty of vegetation to supply the fish 
with natural food, since much vegetaticm would interfere greatly with 
the seining. 

Pens should be built in places sheltered as much as possible from 
storms, for the high waves are apt to break down the fence and allow 
the fish to escape. Unusually high water and severe storms caused 
great damage in this way in Sandusky Bay and vicinity in the summer 
of 1902, one pen, in which there were said to be 40 tons of carp at the 
time, being broken down in places so that all the fish were lost. 

Portions of marsh which have comparatively narrow openings lead- 
ing into them are sometimes converted into ponds by throwing 
embankments, or more often building board stockades, across the 
narrow places. Such ponds usually have the advantage of containing 
plenty of natural food, but trouble usually arises when it comes time 
to take the fish out, as the places are not adapted to the use of a seine. 
In some cases the embankment or fence, with a convenient gateway, 
is constructed early in the spring and the gateway is left open until 
a large number of fish have entered the shallow water of the inclosure 
for the purpose of spawning, after which the gateway is closed and 
the fish are entrapped, to be seined out at leisure. At one or two 
places great areas of marsh were cut oflf in this way and the fish were 
prevented from returning to the larger open waters; but this was of 

a A photograph of a carp pen similar to this is shown in the Illinois fish commiasioner'8 report f^ 
1900-1902. 
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little avail, since the places were so large and tbe conditions so varied 
that it was practically impossible to get the fish out. 

There remain still to be considered those ponds in which the water 
can be maintained at a definite height irrespective of the varying level 
of the neighboring waters. Under suitable conditions they could 
probably be constructed best in valleys and natural depressions 
according to the plans already outlined as being in general use in 
carp-coltural establishments. Under the conditions of our fisheries, 
however, it is a matter of great economic importance that these ponds 
should be as near to the fishing grounds as possible, and as the land 
there is low and marshy the ponds must for convenience be constructed 
in or along these marshes. For this reason the problems presented 
are very different from those met with in the building of ponds on 
higher ground. The greatest difficulty comes, of course, in the mat- 
ter of the drainage of the pond, since its deepest portions of necessity 
lie below the level of the outside waters. An idea of the methods 
that have been devised can probably best be conveyed by giving brief 
descriptions of two or three ponds which have now been in use for 
several years. 

Along the marshy shore of the Portage River, a mile or two above 
Port Clinton, Ohio, is a successful carp pond covering some 30 to 85 
acres, and owned and managed by two brothers, who also conduct at 
the same time a fruit farm immediately adjacent to the pond. The 
site of the pond was originally a marsh, flooded by backwater from 
the river, where the carp commonly came in to feed and to spawn. It 
was first converted into a pond (see diagram, p. 628) by throwing up 
an embankment along the river side, cutting it off from the river, 
but still leaving it connected by an open gateway protected by a screen 
or grating. The inclosed water was at the same level as the outside 
water, and as the level rose and fell a stream rushed in and out through 
the gateway. This plan was found to be unsatisfactory, as the 
impounded fish crowded about the grating, neglecting to feed, and at 
the same time becoming badly bruised by their contact with the bars. 
The embankment was then raised and the gateway closed, so that the 
water in the pond could be maintained at a level 1 to 2 or 3 feet or 
so higher than the mean level of the river, while at the same time the 
increased height of the water caused it to spread farther back over 
the land, enlarging the pond, and encroaching upon a neighboring 
cornfield, a large portion of which was thus converted into marsh. 
The principal embankment was easily raised by having a shovel-dredge 
make a cut along the inner side, the excavated mud being deposited on 
the outer side of the cut to form the embankuicnt. The lower por- 
tions were built with a scraper at a time when the river was especially 
low, at which periods the pond can be practically drained of water. 
During rainy seasons springs kept the water well up to the desired 
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level, but during drier times these were not sufficient, and it bec&me 
necessary to pump water in from outside. This was done for a season 
or so by means of an ^'elevator" in a wooden trough or chute in which 
run endless-chain belts with closely fitting boards forming a series 
of buckets as they move upward through the trough. (See fig. 2, 
pi. in.) The motive power at fii*st was a span of horses, but later a 
7-horsepower gasoline engine was installed, which does the '^ pumping''^ 
or elevating much more expeditiously. The amount of pumping 
required to keep the water at the proper height and sufficiently fresh 
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Diagrammatic plan of carp pond near Port Clinton, Ohio: a, embankment; 5, dam; c, engine-hoase; 
<2, water elevator; c, chute through which fish are slid into pon^; /, chute through which fresh 
water enters pond; g^ dredge-cut; A, outlet. The figures indicate depth of water. 

depends very closely upon the weather conditions and to some extent 
upon the number of fish in the pond. It is seldom that so much as 
two or three hours a day is required. 

The water in the dredge cut is about 12 feet deep, but in other 
portions of the pond there are few places more than 5 or 6 feet in 
depth, and much of the water is considerably shallower. In all the 
shallower parts is a rank growth of aquatic vegetation (sweet flag, cat- 
tails, deer's tongue, wild rice, bulrushes, burr reed, etc.) which sup- 
plies so much natural food that the fish are seldom or never fed arti- 
ficially. With the maintenance of the water level, thus avoiding the 
rushing of the water in and out through a grating, the fish remain dis- 
tributed most of the time throughout the marshy parts of the pond 
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where- food is abundant. An exception to this is when a stream of 
water is pumped in steadily for a time; then the fish begin to come 
from distant parts of the pond to the place of the incoming stream, as 
has already been described (p. 660). This tendency of the carp to 
gather around the place where the fresh water comes in is taken 
advantage of when it is desired to seine them out, the net being hauled 
in the dredge cut when the fish have congregated there. 

Another pond, near the Raisin River, below Monroe, Mich., and but 
a short distance from Lake Erie, differs in some ways in method of 
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Diagrammatic plan of carp pond near Monroe, Mich.: a, outer embankment; 5, dam; c, engine 
honse; d, d', water elevatons; e, inner embankment; /, chute arranged for carrying water either into 
dredge cut {g) or into central areK (Jb); g, circular dredge cut; A, outlets; i, dredge cut from river; 
j, outside dredge cut; k, central area (water 1 to 2 feet deep); I, marsh (barely covered with water). 

construction from the one just described, and for this reason seems 
worthy of mention. (See fig. above.) This pond is smaller than the 
other, and is of interest as showing how a pond can easily be built in 
the middle of an extensive flat marsh. This was done b}'^ starting with 
a dredge at the river and cutting a channel straight into the marsh for 
a short distance. A large circle was then made, the greater part of the 
mud brought up being placed on the outer side of the cut, thus form- 
ing a high embankment, while on the inner side a smaller one was 
built up, in which, however, several breaks were left. After it had 
completed the circle the dredge was taken back outside and a shortcut 
was made on the outside and parallel to the outer embankment. When 
a dam had now been built at the only opening, it was possible to raise 
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the water in the interior to a height of 2 or 3 feet above that in tbe 
Borronnding marHh. This was here accomplished in the same way as 
at Port Clinton, except that steam power was used for the purpose 
instead of gasoline engines. 

The pond then consists of a ditch 7 to 10 feet deep around the entire 
circumference, the water over the central area having a rather uniform 
depth of 1 to 2 or 8 feet. The fresh water that was pumped in was 
originally turned immediately into the circumferential ditch, or could 
be carried by a wooden flume over into the central area. The first 
year the pond was used there was found to be great mortality among 
the fish, a condition probably due to the large amount of freshly 
exposed soil with which the water came in contact, so that it became 
charged with humic acid and other products of organic decay until it 
was unfit for the fish. This condition continued in spite of the fact 
that fresh water was continually pumped in, especially during the 
warmer weather, and it was found later that the water at the bottom of 
the ditch was very foul and with a had odor. In the succeeding year 
flumes were arranged so that the fresh water was carried at once to 
the bottom of the ditch, and the conditions were found to be much 
improved. There would probably have been less danger in any case 
during the second year, as the soil had undoubtedly by that time 
become very well leached out. 

Here, as in the pond previously described, it was found that the fish 
gathered around the stream of incoming water, and here also advan- 
tage was taken of this fact in capturing them. The pond could be 
drained, if necessary, by changing the elevator over to the inner side 
of the embankment and discharging the water from the pond back into 
the surrounding marsh. 

There is one other style of pond in use in this region that should be 
mentioned, in order to make the present account complete. These 
have been constructed especially by the farmers along the southern 
shore of Sandusky Bay. They are situated on higher ground than 
those ponds which have just been described, ground that is usually at 
least a few feet above the mean level of the bay, and are formed simply 
by scraping the soil out of an area covering usually not over one- fourth 
to one-half acre, the soil that is removed being used to build the 
embankments. The water is supplied by windmills or, in a number of 
cases, by artesian wells. This water would seem not to be well adapted 
to carp ponds, being cold and strongly mineml, with a very decided 
sulphurous taste; and yet the carp are said to do very well in it. As 
the ponds contain practically no natural food supply, the fish have to 
be fed regularly to keep them from falling away greatly in weight. 
For this purpose a variety of things are uHed, but shelled corn is prob- 
ably employed more than anything else. In one such pond, which 
contained about 10 tons of fish, the carp were said to have been fed 
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very largely upon sowed corn, which was cut when about 1 to 2 feet 
high and thrown into the pond. The proprietors claimed that the fish 
would dispose of a load — ^supposedly a wagonload — of this in four or 
five days. At this same place the first year the pond was used the fish 
were not fed at all, and when marketed there was only half the weight 
of fish that had been put in. 

THE VALUE OF CARP PONDS. 

It is safe to say that under existing conditions, where at certain sea- 
sons of the year three or four men with a seine can obtain adult carp 
in almost limitless numbers with comparatively little trouble, carp 
culture in the ordinary sense would not be profitable. At least this is 
true in regions such as Lake Erie and Lake St. Clair, where carp are 
so abundant. That regular culture ponds, in which the fish are reared 
from the egg until of a saleable size, could not be conducted with profit 
in proximity to some of the large cities which constitute the principal 
markets for carp is not so certain. Undoubtedly, as the demand for 
carp grows, as it surely must, such will be the case. 

On the other hand, there is no doubt of the great gain to be made 
by taking carp in the spring and early summer, when they come into 
the shallows and marshes in such great numbers, and holding them 
over to fall or winter, when the market price has sometimes multiplied 
fully tenfold. Let us take, for example, a supi)Ositious case, based, 
however, on actual conditions. A moderate sized pond could readily 
accommodate, let us say, 50 tons of carp, and these could be obtained 
with comparative ease during the spring. At this season, when the 
fish are most plentiful, the price is often as low as 30 cents per hun- 
dred pounds, so that the market value of the whole 50 tons would be 
but $300, even if they could be disposed of at all at that time; for it 
often happens that when the fish are so plentiful many more are 
brought in than can be used, and great numbers bring the fisherman 
almost nothing, being only sent to be made into fertilizer. Now let us 
suppose that instead of disposing of these fish at such an unsatisfactory 
figure the fisherman pens, or otherwise holds them over the summer. 
Under at all favorable circumstances the loss in that time surely ought 
not reasonablj'^ to be greater than 10 per cent of the total number of 
fish impounded, even allowing for the damage to fish by handling. 

Indeed, in a properly conducted pond, there should be no loss in 
weight at all. The growth of the living carp, if properly fed and 
cared for, should adequatel}' offset the loss of individuals. For the 
sake of fairness, however, we shall assume a loss amounting to 10 per 
cent of the weight, and that the total weight of fish recovered from 
the pond in the fall amounted to one-tenth less than that put in — in 
other words, to 45 tons. Now, in the late summer, fall, and winter 
months it is not at all unusual for the price of carp to go to 2, 2i, or 
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even 3 oentn per pound, a price ten times as great as that of the spring'. 
Many of the owners of carp in ponds and pens wait only for the market 
to reach 2 cents per pound, and then fish their ponds and sell the fish. 
If we market our 45 tons at this moderate price, they now bring 
us the sum of 91,80(), in comparison with which their original value 
was insignificant. 

It is needless to say that not all who make this venture are so suc- 
cessful. From inexperience or ignorance of the conditions retjuired 
some of the ponds are very unfit for carp, and the mortality is much 
greater than we have estimated above. Or in some cases, especially in 
the.pens, the fish have no natural food, and they can be maintained in 
good condition only by feeding them artificially. The cost of this 
roust, of course, be deducted from the profits, and may amount to a 
considerable item. Furthermore, the initial cost of constructing a 
pond may constitute a relatively large investment, and account must 
be made also of the necessary labor to maintain it and to care for the 
fish. All these items vary greatly with local conditions, for whereas 
a pond may be constructed and operated very economically in one 
locality, in another place it may prove very expensive. Certain it is, 
however, that small ponds are each year proving an acceptable source 
of subsidiary income to many farmers whose land is favorably located, 
while individual fishermen and fishing companies are yearly going into 
this business of holding over carp on a more and more extensive scale. 

CONCLUSIONS. 

As was stated in the introductory remarks at the beginning of this 
report, the main purpose of the investigation was to determine, if 
possible, whether the introduction of the carp into the Unit/cd States 
had proved a benefit to the country or whether the fish had turned out 
to be so detrimental to the fisheries and other interests that it must be 
considered as a nuisance. In other words, have the twenty- five years 
or more that the carp has lived in our waters, and in which it has 
increased to such a surprising extent, justified the belief of those who 
were instrumental in its introduction that it would fill a place in the 
economics of our fisheries that could not be taken by any of our native 
fish; that it could, with little trouble and at small expense, be artifi- 
cially raised in ponds and other small bodies of water unsuitable for 
the culture of any equally desirable native species, thus affording a 
cheap and ready supply of fresh fish to many who would otherwise be 
unable to have any fish at all; and finally that it would populate such 
of our lakes and streams as were unfavorable for inhabitation by finer 
species, and contained only buffalo, suckers, and the like?** 

a The good qualities claimed for the carp, which led to its intioduction, will be found enumented 
on page 644. 
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As regards the culture of the carp in this country, we find that, 
although there was for a few years an enormous demand for the young 
fish — hundreds of thousands of which were yearly distributed free by 
the United States Fish Commission and by many of the state com- 
missions — their culture was soon abandoned in nearly all cases and 
the fish allowed to escape into the open waters of the vicinity. There 
are a number of reasons to account for this. People were expecting 
too much. They rushed into carp culture in entire l|paorance of the 
conditions requisite for its successful operation, and, such being the 
case^ it is no wonder that they were disappointed in the results and 
that their attempts were failures. In the second place, there was also 
a general disappointment in the qualities of the carp as a table fish. 
Undoubtedly, as in the case of its culture, too much had been 
expected, though perhaps not without some justification. Still, the 
bulletins that had been published and distributed made frequent men- 
tion of the muddy flavor of the carp when grown under unfavorable 
conditions, and emphasized the necessity of keeping such fish for a 
time in clear water before killing them. Then, too, the fish were 
often eaten at the wrong season, during the spring and summer 
months, when their flesh is admittedly poorer in quality than in the 
fa.ll and winter. This is true of most fish that live in rather shallow 
and sluggish waters, and even black bass are seldom caught and eaten 
at these seasons. Perhaps even more important was the matter of 
cooking. As has been mentioned in the body of the report, it is gen- 
erally conceded that carp should be cooked in special ways, and the 
Germans especially have many elaborate dishes which they prepare 
from its flesh. Most of those who tried the fish here cooked it as 
thev were accustomed to cook our native fishes, and decided that it did 
not compare favorably with these, though, according to the statements 
published by Smiley (1886), many appeared to be very enthusiastic 
about it. Finally, another important factor which probably led to the 
abandonment of pond culture in many cases was the increasing abun- 
dance of carp in the rivers and other open waters. It was found that 
what fish were wanted could be obtained with less trouble from the 
open waters than they could be raised. 

The whole question was admirably summed up in the Report of the 

Michigan Fish Commissioners for 1884-1886 (Michigan, 1887, pp. 41, 

42). This report not onlj'^ contained much cool-headed advice to those 

who were contemplating launching into carp culture, but was almost a 

prophecy of the outcome of the introduction of carp into the country. 

After insisting that the carp will not be a success unless properly cared 

for, the report continues: 

From the fact that carp could be euccessfully grown in warm and muddy waters, it 
w»s inferred that they would l^e just the fish to phiut in our comparatively shallow 
la kes throughout the State, and from the published accounts of their amazing fertil- 
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ity, and npid growth, it was oonfidently expected that in a very ahort time a lai^ 
food supply would be lumished. 

While we believe that the carp will eventually prove a valuable addition to our 
food fiehee, and especially fill a want amongst the rural population, still we would cau- 
tion those desiring to engage in this industry to go slow, to test its value for food in 
comparison with our native varieties; to see whether they like carp to eat before they 
q)end any conndeiable sums of money in the construction of ponds, etc. 

Nothinic bo much injures any enterprise as overestimating its importance. Esti- 
mates are still wanting as to the cost per pound for raising carp, and the fact that 
they can be so readily procured must in a short time make them so plentiful in the 
markets as to bring the price below the cost of production, if one-half of those design- 
ing to engage in their culture should realise their expectations. 

There can be no doubt that the carp is a nutritious and healthy food fish, but there 
is a doubt whether they will please the taste of the general public who have been 
accustomed to the taste of our native fish. In the trial made by the Commission and 
their friends, when direct comparison has been made with our native fish by cook- 
ing them in the same manner and at the same time, the decision wasthat they seemed 
inferior to the fish with which they were compared, namely, the black bass and the 
wall-eyed pike. . But in the regions where fish, even poor ones, are a laztny they 
will provide a great boon. In a State so exceptionally well supplied, however, with 
the finest fresh-water fish in the world, as our State is, it is doubtful if the carp will 
become either a favorite food or a source of profit for many years to come. 

Although the carp did not fulfill expectations in the matter of pond 
culture, it has more than done so in the way it has adapted itself to 
conditions found in this country and the rapidity with which it has 
multiplied in our waters; and we find now that, instead of being gen- 
erally used throughout the country and especially in those sections 
where it was thought it would be most appreciated on account of the 
poverty of the streams or the poor quality of their inhabitants, it is 
being sold almost entirely to the poorer classes of people in our large 
cities. The Illinois River, together with the other rivers of the Mis- 
sissippi drainage system, is one of those localities in which it was 
thought that carp would be a most valuable accession, and such has 
turned out to be the case, though not in the exact way originally 
expected. Although practically not used at all for home consumption, 
it has nevertheless added very appreciably to the resources of the 
region. 

With our constant immigration of foreigners and the formation and 
growth in our large cities of great foreign settlements, the problem of 
supplying these multitudes with cheap yet wholesome iood becomes 
very great, and anything which helps to meet this demand is of great 
value to the country. From this point of view there is no doubt of 
the value of the carp and the benefit to be derived from its introduc- 
tion. To pervert a common saying, in those places to which it is best 
suited it has made two fish to grow where but one grew before. 

But now come the sportsman and the commercial fisherman, who 
maintain that, while all that has been stated may be true, the presence 
of the carp is entirely supplanting the fish which was there before, 
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and that that one fish was of more value than the two carp which have 
taken its place. This is especially true of such waters as the Great 
Lakes, and others that were well supplied with good native fish. 
Furthermore, the sportsmen and others claim that in various ways the 
carp does more tiian enough danutge to offset its value in other respects. 
By these persons it is made responsible especially for the great 
decrease of water-fowl in recent years. These and other charges 
have been considered in the body of the report, and need not be dis- 
cussed in detail here. In most cases the reported damage has been either 
greatly exaggerated or is entirely unfounded. Thus it was found 
that carp probably have little or no share in causing the decrease of 
the native fishes commonly taken for sport or for food; and that in 
the case of the black bass, at least, there is evidence indicating just 
the opposite — that the bass have actually increased in numbers in 
some places from having the young carp to feed upon. In the matter 
of uprooting vegetation, making, the water continually roily, and 
injuring — ^possibly even completely destroying in some oases — the 
regular feeding grounds of the migrating ducks — in these cases the 
evidence goes very largely f^inst the carp, though its effects have 
undoubtedly, in many instances, been greatly exaggerated, and more 
has been charged against the fish than it rightfully deserves. In cer- 
tain places, such as reservoirs and lakes supplying water to cities, etc., 
there is no doubt that the carp is an unmitigated nuisance, and that 
its presence is undesirable. Nor can it be considered suitable for the 
cold, clear lakes of the north, such as are found in northern Wiscon- 
sin and in Canada; and fortunutely the conditions in these are so 
unfavorable that it will probably never become so abundant in them 
as to cause much damage by destroying vegetation and roiling the 
waters. 

Against these charges as to its detrimental influence must be set the 
things in its favor. Chief among these is that already mentioned — 
the value of the carp as a source of revenue to the fishermen in the 
regions where it occurs, and as a cheap food for the poorer class of peo- 
ple who can not afford a better fish. It is impossible to express in 
dollars and cents the beneficial results and the damage done and thus 
to compare them directly. The value of the carp fisheries of Lake 
Erie and the Illinois River region for 1901 was estimated at $342,000 
(p. 619, footnote); but there were no data for the rest of the United 
States. And no monetary value at all can be fixed for the damage 
done. It seems quite safe to say, however, that if the question were 
to be considered in this manner the benefits would far surpass the 
damage. Two other claims in the carp's behalf, which may prove to be 
of considerable importance, ought also to be mentioned. These are its 
destruction of the fluke-worm {JFascw/a hepatica)^ and of the larvse of 
noxious insects, especially mosquitoes. It is possible also that in 
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rivers^ below cities, it may do important service as a scavenger, 
destroying the genns of certain human diseases, as it does the larval 
and encysted stages of the liver fluke. 

Even were it possible to estimate the money value of the damage 
done, such a basis would not be an entirely fair one for comparison. 
Should the carp help to hasten the extermination of any of our water- 
fowl, or if it destroys the beauty of lakes, as is claimed, this is a harm 
which can not be reckoned in dollar and cents. As has been pointed 
out elsewhere, however, there are other and more influential factors 
at work in the destruction of the water-fowl; and in the other case 
special measures of prevention and protection must be employed. 

And when we haVe decided whether the carp does more harm than 
good, we still have the real quei<tion before us. The essential problem 
is this: The carp is here, and here to stay; what are we going to do 
with it? How can we make the most of its good qualities and prevent 
it from doing damage? Kven vaere such a course desii'able, the 
extermination of the carp in our waters is out of the question. Mr. 
Townsend, in some remarks before the American Fisheries Societv 
(Transactions of Thirtieth Annual Meeting, 1901, p. 123) stated the 
case well when he said: 

We hear a great deal from eportsmen^B clube and from other sources as to how the 
carp can be exterminated. It can not be exterminated. It is like the English spar- 
row, it is here to stay. At a meeting of the American Ornithologists' Union 
a while ago, one of our foremost ornithologists stated that the European sparrow 
could not be exterminated in this country. I think it is the same with the carp. It 
is here to stay and we can not exterminate it any more than we can exterminate 
the green grass of the fields. I do not wish to pose as an advocate of the carp — I 
prefer other fish for myself — but I maintain that the carp has a place in good and 
regular standing in our big eastern marketi>, and I do not think that our great repub- 
lic with its rapidly increasing population, can afford to sneer at even so cheap a 
source of food. 

In the course of my investigations and inquiries I met frequent 
propositions that the government, or the respective state governments, 
should offer a bounty on carp. Nothing could be more futile than this, 
as has been abundantly illustrated in the case of the English sparrow. 
The best bounty that can be offered is an increasing market — a grow- 
ing demand that will make fishing for carp a profitable business. The 
case in Lake St. Clair is a good illustration. While there I heard the 
bount}'^ proposition frequently advocated by sportsmen who came to 
the flats to fish and hunt. But a shrewd resident said, let the state 
amend the laws so as to allow the taking of carp in nets, and there 
will soon be enough people fishing for them to reduce their numbers. 
Since then the laws have been changed so as to allow seining in the 
lake, and if the removal of enormous quantities of the fish (see p. 614) 
will do anything toward permanently reducing their numbers, such 
certainly ought to be the result there now. The lines along which it 
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seems that the market for carp may in the future be further developed 
have been pointed out and discussed in the section dealing with its 
food value and uses. 

In another place was mentioned the possible amusement and recrea- 
tion to be had in taking carp with hook and line. I am aware that 
the American sportsman will scoflf at the very idea, and would regai'd 
the pastime with disdain. I wish merely to quote in its defense a para- 
graph from Goode's American Fishes (Goode, 1888, p. 412), in which 
he treats of the strenuousness of the avemge American angler: 

There is a kind of pleasure known to English anglers which is cultivated by but 
few of those who are called by the same name in America — the quiet, peaceful delight 
of brook-fishing in the midst of the restful scenery of the woods and the meadows. 
It is difBcult to imagine a thorough disciple of Walton chumming for striped-bass in 
the surf at Newport or trolling for Muskeilunge among the Thousand Islands, drail- 
ing for Blue-fish in the Vineyard Sound, or tugging at a tarpum-line in the Gulf of 
Mexico. The muscular exertion, the excitement, the flurry and noise, make such 
sports more akin to the fiercer pursuits of hunting than to the contemplative man's 
recreation. The wisest, best and gentlest of anglers, those who have made the lit- 
erature of angling akin to poetry, have not, as a rule, preferred to make a violent 
exercise of their fishing. 

Nothing has been said in the present report about protection for the 
carp in open waters, since, whatever may be the opinion as to the fish's 
desirability, protection for it does not seem to be needed. I am of 
the opinion, however, that the phenomenal increase of the carp in 
those waters where it has been longest will soon reach its maximum, 
if it has not already done so, and that as the various factors become 
adjusted a more stable balance will be reached. It is conceivable that 
then persistent fishing may greatly reduce its numbers. 

And now, should I attempt to sum up the principal results of the 
investigation in a single paragraph, I should say that, whereas the carp 
undoubtedly does considerable damage, from the evidence at hand it 
seems reasonable to conclude that this is fully offset by its value as a 
food fish and in other ways; that it can not be exterminated, and that 
the problem is how to use it to the best advantage — suggestions for 
which have been offered. Efforts should be directed to encourage 
utilization of the fish in all ways possible, since it appears to be a 
resource as yet comparatively undeveloped. 
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